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PROTEIN 


With other nutrients, the availability of 
protein determines the adequacy of a nation’s 
food supply... with which the United 
States is well-blessed. 


In 1957, this nation’s food supplied per 
person per day 
3,180 walatiee, provided by 96 gm. of 
protein . 
145 gm. ‘of fat ...and 382 gm. of 
carbohydrate . . . accompanied by 
1.03 gm. calcium... 16.5 mg. iron... 
7,400 I.U. vitamin A value... 
1.84 mg. thiamine . . . 2.35 mg. 
riboflavin... 
20.1 mg. niacin . . .0.13 mg. folic 
acid... 
106 mg. vitamin C. 
Of the 96 gm. of protein per person per day 
...% was supplied by foods of animal 
origin and 4 by foods of plant origin... 
Y4, by meat, poultry and fish... 4%4 by milk 
and dairy foods ...1/5 by flour and cereal 
products ... 1/7 by vegetables and fruits . . . 
and | /14 by eggs. This food supply provides 
generous amounts of essential amino acids. 


Protein malnutrition is rarely seen in the 
United States where only 1% of the house- 
holds have less than 50 gm. of protein per 
day per adult man... 72% have more than 
100 gm. per day... and even 50% of fami- 
lies with incomes of less than $2,000 have 
more than 100 gm. protein per day per 
adult man... for whom the recommended 
dietary allowance is 70 gm. Those whose 
protein intakes least often meet their recom- 
mended allowances are . . . adolescent girls 
. ._ homemakers . . . and elderly people. 


Diets which supply the pregnant woman 
with less than 50 gm. of protein and 1500 
calories were found, in one study, correlated 
with maternal and fetal complications. 


Milk is man’s first dietary source of protein. 
Milk and dairy foods provide one-fourth of 
the protein in our food supply. 


The nutritional statements made in this adver- 
tisement have been reviewed by the Council 
on Foods and Nutrition of the American 
Medical Association and found .consistent 
with current authoritative medical opinion. 
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PEOPLE AND EVENTS 


Utah Plans Attractive Program 
for A.D.S.A. Visitors 


Dairy scientists of the nation who plan to 
attend the annual meetings of the American 
Dairy Science Association at Utah State Uni- 
versity, June 19-22, will receive a warm wel- 
come to one of the few typical college com- 
munities in the country. 

A. J. Morris, head of the Utah State Uni- 
versity Dairy Science Department, is chair- 
man of conference arrangements and LyMAN 
RicH is chairman of the Steering Committee. 
Mrs. Lyman Ricu, Mrs. Davin BurGoyNng, and 
Mrs. A. J. Morris are in charge of program 
arrangements for the women and children. 





A. J. Morris 


Lyman Rich 


The arrangements committee has planned an 
attractive program of activities for men, 
women, and children. Features include: an 
address by the HonoraBLe Ezra Tart Benson, 
Seeretary of Agriculture, a concert by the 
famous Salt, Lake Tabernacle Choir, and a 
chicken barbeque for all; scenic and historic 
tours of the Valley and Canyon, luncheon and 
president’s tea for the ladies; swimming, hik- 
ing, and other supervised recreation for young 
people; nursery school for the little ones; and 
over 200 papers on important dairy research 
from 42 states, together with important sym- 
posia. 

Events of the University’s summer school 
are being scheduled now to give visitors to the 
A.D.S.A. meetings a free rein on facilities of 
the University, and business and civic leaders 
of the community are wholeheartedly cooper- 
ating to assure a pleasant stay. 

Logan, site of one of seven Mormon Temples 
of the Church of Jesus Christ of Latter-Day- 
Saints, is a city of fine schools and fine church- 
es, with Latter-Day-Saints, Protestant, and 
Catholic groups well represented. 

Utah State University’s campus is situated 
on the eastern slopes of beautiful Cache 
Valley, so named because it was here that 
early-day trappers and mountain .men cached 
their furs. 

To assist in the full enjoyment of the Uni- 
versity and the city, and its surrounding rec- 


reational and seeni¢ areas, the Cache Chamber 
of Commerce is creating a special tourist bro- 
chure, complete with maps and pictures and 
featuring local and other intermountain tours 
to Bear Lake, the Grand Tetons, Jackson Lake, 
Yellowstone, Zion, Bryce and Grand Canyon 
National Parks, and the great Salt Lake. 
These are many of the places that delegates 
will want to visit en route to or from the 
dairy meeting. 

Cache Valley’s annual Dairy Festival is 
planned for Friday and Saturday preceding 
the meetings and all are invited to participate 
in the program. In addition to a parade, the 
Festival will feature visits to and exhibits by 
the world’s largest Swiss Cheese factory, dai- 
ries, and other processing plants affiliated with 
the county’s major industry. 

Come to Logan and Utah State University. 
Everything is being done to assure the full 
enjoyment of the meetings, the extracurricular 
activities, and the many recreational and scenic 
spots where you can spend from one hour to 
several days, enjoyable and profitably. 


Dairy Industries Supply Association Honor 
Plaque Goes To Roberts Everett for Four 
Decades of Distinguished Service 


Roserts Everett, Executive Vice-President 
of Dairy Industries Supply Association, was 
the recipient of the 12th DISA Honor Plaque 
at DISA’s 41st Annual Meeting, March 31, 
1960, at the Edgewater Beach Hotel in Chi- 
eago. 

The veteran supplier-equipper executive, 
who came to work for DISA in 1919, will step 
into semi-retirement in July. The DISA Honor 
Plaque is awarded by the DISA Board to those 
persons who have made exceptional contribu- 
tions to the trade association. In making the 
presentation, D. G. CoLony, Manton-Gaulin 
Manufacturing Company, Inc., DISA’s Presi- 
dent, said: 

“DISA was chartered in 1912, and struggled 
along as an informal club until 1919, when a 
young airforce veteran and newspaperman 
named Roberts Everett came along to breathe 
life into the loose confederation of firms selling 
to the ice cream industries. Through his execu- 
tive leadership and devotion, DISA grew into 
the indispensable arm to all of us that it is. 

“Not a single activity undertaken by the 
association has ever failed to have his closest 
attention. His mind has grasped a thousand 
divergent strains of thought in one instant, 
and translated them into understanding for 
all of us. 

“This is the last annual meeting Bob will 
attend in his role as Executive Vice-President; 
he will step into semi-retirement this coming 
July. I say semi-retirement, because he will 
continue to serve DISA as a consultant for a 
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contracted period of years, and, I hope, many 


years more. ; 
“More than any other person’s, DISA is 


Roberts Everett’s monument.” 





The Honor Plaque—highest award from the 
Dairy Industries Supply Association for outstand- 


ing service—is presented to Roberts Everett 
(right), Executive Vice-President of DISA since 
1919. Chairman of DISA’s Executive Committee, 
D. G. Colony, makes the presentation at the 41st 
Annual Meeting, March 31, at the Edgewater 
Beach Hotel in Chicago. 


Mr. Everett was also presented a_ parch- 
ment citation by the Board of Directors, con- 
taining a resolution saluting his record of 
service. This presentation was made by S. E. 
Crorts, Batavia Body Company, Incorporated, 
DISA’s Chairman of the Board. 

The Honor Plaque of the association has 
been presented to only 11 individuals, three 
of whom are deceased. They are: JoHn H. 
MULHOLLAND, DISA’s long-time treasurer and 
honorary president for life (deceased) ; K. L. 
Watuace, DISA president during the Korean 
War period (deceased) ; Eart WEED, a former 
director and leading committee worker (de- 
ceased) ; L. N. Lucas, past-president; GoRDON 
Lamont, past-president; Harry MILLER, past- 
president; Ray OLson, past-president; RosBert 
RosenBAuM, past-president; G. E. WaAL_LIs, 
past-president; Dick Brirron, vice-president 
and committee worker; R. L. Youna, long-time 
treasurer. 


Dairy Products Specialist 
Named At Minnesota 


V. S. Packarb, a research worker in dairy 
industries at the University of Minnesota since 
1954, has been named dairy products specialist 
for the University’s Agricultural Extension 


Service. He will work closely with the dairy 
industry, county agents, and dairy farmers on 
quality improvement of dairy products. Pack- 
ard earned the B.S. degree from the Uni- 
versity of Maine in 1954, the M.S. at the 
University of Minnesota in 1956, and is com- 
pleting work toward a Ph.D. degree. He has 
conducted research on ice cream packaging 
for self-service merchandising and quality 
control in other dairy products. He has taught 
courses in testing and technical control of 
dairy products at the University. He replaces 
J. - GHOLSON, who left the University in 
1959. 
ONTARIO AGRICULTURAL 
COLLEGE NEWS 


The first Canadian Soft Iee Cream Operators 
Conference was held in the Dairy Department, 
Ontario Agricultural College, Guelph, March 
14-15. The conference was organized by A. M. 
PEARSON, and 107 people attended it. Speakers 
included: J. Kay of the Canada Department 
of Agriculture Marketing Service; P. G. 
KEENEY of the Pennsylvania State University 
Dairy Dept.; J. H. Kappus, The Taylor Freez- 
master Company; A. G. Leaceartr of the O.A.C. 
Dairy Dept., and G. W. Funston, Chairman 
of the Canadian Dairy Industry Suppliers 
Association Committee on Flavors and Top- 
pings. The success of the conference should 
make it an annual event 


The 1950 3-mo. Dairy Short Course has been 
completed. Twenty-three students from four 
Canadian provinces and four foreign coun- 
tries attended the course, which covered fun- 
damental and practical procedures in manu- 
facturing and testing of dairy products, dairy 
chemistry, dairy plant management, and dairy 
bacteriology. 


The Ontario Milk Distributors have awarded 
the O. A.C. Dairy Dept. a $1,000 grant-in-aid 
for a 6-mo. study of the freezing point of milk 
in Ontario. 

The Ontario Association of Ice Cream Manu- 
facturers has presented a $250 gift of books 
for the Dairy Department Library at O. A.C. 


West Virginia University Holds Dairy 
Cattle Judging School 


The 1960 Dairy Cattle Judging School, spon- 
sored by the Dairy Department of West Vir- 
ginia University, and held April 1-2, was de- 
clared the best yet by the 50 men who par- 
ticipated in it. The School is held every other 
year, to give practice in the art of judging, 
for certain county agents, Vo-Ag teachers, 
dairy farmers, and herdsmen who judge at 
local and county fairs throughout the State. . 
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A new feature this year was an evening 
_ session on The Evaluation of Pedigrees, con- 
dueted by I. D. PorTerFretp and R. G. Mircu- 
ELL. Interest at this meeting was high, and it 
brought forth many questions and much dis- 
cussion. 

Judge for the two-day affair was EpsEL 
Garner, Extension Dairyman at the Univer- 
sity of Maryland. Mr. Gainer is a native West 
Virginian and a dairy graduate of West Vir- 
ginia University. His placings and remarks 
following each class were well received by the 
group. 


IOWA NEWS 
Arnold Assumes Foreign Post 


F. J. ARNouD, Ames, Iowa, an extension dairy 
specialist for nearly 33 yr., has resigned this 
position to join the staff of the International 
Cooperation Administration (ICA). He left 
Ames on March 20 for 3 wk. of indoctrination 
in Washington, D. C., before moving with Mrs. 
Arnold ‘to Bangkok, Thailand, where he will 
serve as assistant chief of the agricultural 
division of the U. S. mission to that country. 

A native of Hornick, Iowa, Professor Arnold 
graduated from Iowa State in 1926, and re- 
ceived a master’s degree from the same insti- 


tution in 1940. He joined the Iowa State 
extension staff in 1927, where he has served 
continuously except for 4 yr. as extension 
dairyman in Maryland in 1943-47. 

In 1955, he received the DeLaval Extension 
Dairyman Award at the American Dairy 
Seience Association meeting. He has been 
active in A.D.S.A. work, and for many 
years has worked closely with the National 
Dairy Cattle Congress at Waterloo. 


NEWS FROM WISCONSIN 


B. R. BauMGarDT is a new addition to the 
Dairy Husbandry staff at the University of 
Wisconsin, taking the place of the late N. N. 
ALLEN. Assistant Professor Baumgardt comes 
to Wisconsin from Rutgers University. At 
Wisconsin his duties are teaching and re- 
search in the areas of dairy husbandry and 
ruminant nutrition. Research emphasis is on 
factors involved in efficient use of high-quality 
forage by dairy cattle. 

Dr. Baumgardt received his B.S. from Pur- 
due, and the M.S. degree in 1955 from the 
same institution, working under a Ralston- 
Purina fellowship. He went to Rutgers Uni- 
versity in June, 1956, as instructor and re- 
search associate. There he taught several 
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general dairy husbandry courses, coached the 
dairy cattle judging team, and worked with 
dairy cattle nutrition research. He received 
his Ph.D. in Agricultural Biochemistry in 
June of 1959. His research was on comparison 
of in vivo and in vitro rumen digestion pro- 
cedures, as applied to an estimation of forage 
quality. 


CLEMSON COLLEGE NEWS 


Quality Control Conference 


A Milk Quality Control Conference was held 
recently on the Clemson College campus, 
sponsored by the South Carolina Dairy Asso- 
ciation and the Clemson College Dairy De- 
partment. A total of 65 were in attendance. 
Dairy plants in neighboring states of North 
Carolina and Georgia were represented. 

The following topies were diseussed by staff 
members: What Is Quality Control?, Quality 
Control at the Producer Level, Quality Con- 
trol in the Processing Plant, Evaluation of a 
Quality Control Program, Observations on 
Quality Control in South Carolina. 

Quality control from the processing plant 
to the consumer was discussed by a panel com- 
posed of five members from industry. Demon- 
strations on antibiotic tests and the TESA 
butterfat test were presented. 


A Conference on Antibiotic and Pesticide 
Residues in Milk was held April 12-13 in the 


Food Industry Building on the Clemson Col- | 
lege Campus. This Conference was sponsored | 


jointly by the University of Georgia and Clem- 











son College Dairy Departments, with the co- | 


operation of the South Carolina Dairy Asso- | 


ciation and the Georgia Milk Commission. 


The weleome address was given by Dean | 


M. D. Farrar of Clemson College, and the 
following program was given: History and 
Review of the Problem of Antibiotic and Pesti- 
cide Residues in Milk. J. J. SHevurine, Pro- 
fessor of Dairy Husbandry, University of 
Georgia, Athens;. The Health Hazard and 
Health Department Attitudes and Policy Con- 
cerning Antibiotic and Pesticide Residues in 
Milk. W. R. McLean, Regional Milk and Food 
Consultant, Public Health Service, Department 
of Health, Education and Welfare, Atlanta, 
Georgia; What the Dairy Industry Can and 
Must Do to Prevent Antibiotic Residues in 


Milk. H. K. Wetcu, Jr., Project Leader, Dairy | 


Extension Work, University of Georgia, 
Athens; What the Dairy Industry Can and 
Must Do to Prevent Pesticide Residues in 
Milk. T. R. Apxtns, Assistant Professor of 
Entomology, Clemson College; Antibiotics and 
Pesticides in Milk. J. J. Mitunas, Assistant 
Direetor, Atlanta District, Food and Drug 


Administration; Methods That Can Be Effec- 
tive in Controlling Pesticide Residues in Milk, | 
a series of short résumés by representatives | 


KLENZ-METER’ 


Low Cost Water Chlorination with 
Simple and Positive Metering Pump 


Now every dairy farmer and small dairy can enjoy the many advantages 
of a reliably safe water supply with positive chlorination at the proper 
level. Costly equipment formerly necessary is now replaced with the 
new moderately priced Klenz-Meter —a diaphragm-type metering pump 
that provides accurate and precise feeding of Klenzade Liquid Sodium 
Hypochlorite into the water supply line. Assures safe drinking water 
as well as a constant supply of chlorinated wosh water for milking 
equipment. 


| KLENZADE X-4 Liquid Sodium Hypochlorite 
| Supplied in callon jugs for feeding directly into Klenz-Meter, thence 
into water line. Klenz-Meter can be adjusted to feed from 1 cc per 
stroke up ds to desirabl low chlorine cost per year. 
X-4 is also ideal, in proper use dilutions, for sanitizing milking equipment. 
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Mojoneles war 
QUALITY ENGINEERED FOR ECONOMY TESTERS | 


Standard Throughout the World for over 40 Years 
Dependable Products... Backed by Dependable Service 


Make Culture 
Work for You 
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FLAKES 





By using the Dairy Laboratories system of 
“‘Numbered Blends” you’re insured complete suc- 
cess in every batch. Highest quality fresh culture 
every week keeps aroma, body and flavor uniform 
in all fermented milk products. 


Write for details in the Culture Booklet. 
THE DAIRY LABORATORIES 
Philadelphia 3, Pennsylvania 


Branches: 
New York « 
Washington, D.C, 
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from industry and State Boards of Health, and 


| Methods for the Detection of Residual Anti- 
| bioties and Pesticides in Milk. Evaluation of 


Usefulness to the Dairy Industry. R. W. Hen- 
NtnGson, Assistant Professor of Dairying, 
Clemson College. 


The Eighth Annual Meeting of the South- 
eastern Dairy Marketing Clinic was held at 
the Clemson House, Clemson, S. C., March 
28-29. 


High lights of the program were: Legisla- 


| tion — Taxation — Research: Taxation—Don- 
| ALD E. Hirscu, American Farm Bureau Feder- 
| ation, 


Chieago, Illinois; Legislation—Mack 
GEBERT, National Milk Producers Federation, 
Washington, D. C.; Researeh—D. H. Jacos- 
sEN, Director Research and Education, Ameri- 
ean Dairy Association, Chicago, Illinois. 

Under the subject of State Milk Control 
Programs, a panel discussion was carried on 
by the following: G. E. Hawkins, Sr., Secre- 
tary, S. C. Couneil of Milk Producer Assns., 
Greenwood, S. C.; C. A. SHaw, Director, S. C. 
Dairy Commission, Columbia, S. C.; Jack 
Wuirttaker, Secretary, N. C. Dairy Commis- 
sion, Raleigh, N. C.; G. C. Burrovens, Chair- 


| man, Virginia State Milk Commission, Roa- 
| noke, Virginia. 


Moderator of the program on Surplus— 


| Whose Problem Is It? How Best to Meet the 


Problem, was FranK McDoweE Lu, Acting Mgr., 
Carolina Milk Producers Assoe., Greensboro, 
N.C. Panel members were: GLENN SUMMERS, 
Mgr., Nashville Milk Producers Assoe., Nash- 
ville, Tenn.; B. F. Morean, Jr., Megr., Tri- 
State Milk Producers Assoe., Bristol, Virginia; 
J. K. Ears, Jr., Dairyman, Greenville, 8. C.; 
E. H. AGnew, Pres., South Carolina Farm 
Bureau, Columbia, S. C. 

Moderator of the program on Stronger, 
More Effective Cooperatives, was F. L. Ham- 


| MACK, Exeeutive Secretary, Palmetto Dairy- 
| man’s Federation, Inc., Greenville, S. C. Panel 


members were GLENN Laks, Vice-Pres., Na- 
tional Milk Producers Federation; and G. H. 
AUvLL, Head, Agricultural Economies, Clemson 
College, Clemson, S. C. 


OHIO STATE UNIVERSITY NEWS 


The Ninth Annual Milk Sanitation and 
Publie Health Short Course, sponsored coop- 
eratively by the Department of Dairy Tech- 


| nology, The Ohio State University, and the 


Ohio State Departments of Health and Agri- 
culture, was held March 14-18 on the O.S. U. 
Campus. A capacity number of students par- 
ticipated in the course, which is designed for 
milk sanitarians and dairy plant employees. 
The subjects dealt with the fundamentals of 
dairy farm and dairy plant inspections, 
sanitation practices, dairy farm and dairy 
plant equipment design and operation, public 
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health problems, legal standards and milk or- 
dinances, and interpretation of regulations. 

The keynote address, Regulations—<Aids or 
Hindrances to the Dairy Industry was deliver- 
ed by H. E. Rosrnson, Chief of the Milk Pro- 
gram, USPHS, Washington, D. C. Other visit- 
ing speakers included R. B. DouGuas, Beatrice 
Foods Co., New Bremen, Ohio; D. A. SEIBER- 
LING, Klenzade Corporation, Beloit, Mich.; C. 
Crospy, DeLaval Separator Co., Van Wert, 
Ohio; RatpH Paumer and J. H. Ers, Borden’s, 
Columbus; L. C. Burkey, Creamery Package 
Corp., Toledo, Ohio; J. R. Keusgy, Cherry- 
Burrell, Columbus; Kerru Bere, Central Ohio 
Milk Producers Assoe., Columbus; F. C. Fuz- 
zARD, Taylor Instrument Companies, Cieve- 
land, Ohio; K. T. Yoper, Diamond Mill: Co., 
Columbus, J. O. Roperts, D & R Laboratories, 
Columbus; L. C. PeckHam, USPHS, Chicago, 
Illinois; and C. K. Ortman, M & R Dieteties, 
Columbus. 

Coordinators of the program were H. E. 
KENNEDY, Department of Dairy Technology, 
The Ohio State University; Ray Warts, State 
Milk Sanitarian, Ohio State Department of 
Agriculture, Columbus; and O. L. Hunnicurt, 
Division of Dairy and Foods, Ohio State De- 
partment of Agriculture, Columbus. 


W. J. Harper, Associate Professor, Depart- 
ment of Dairy Technology, The Ohio State 








Back of Beacon 
Dairy Feeds... 


® Qualified Research Personnel 


® Research and Demonstration Herd 
(45 cows—15,634 M, 3.6%, 
568 F, H.I.R.) 


@ Special Research Herd of 12 sets of 
identical twin females 


@ 40 Years Experience in Practical Dairy 
Feed Formulation 


BEACON FEEDS 


THE BEACON MILLING COMPANY 
A division of Spencer Kellogg and Sons, Inc. 
CAYUGA, N. Y. 











University, will be on combined sabbatical and 
assigned research leaves, effective July 1 
through December 31, 1960, from The Ohio 
State University and the Ohio Agricultural 
Experiment Station. Dr. Harper will use the 
major portion of his leave to conduct research 
in the Dairy Department of the Alnarp Insti- 
tute, Sweden. In addition, he will visit the 
Hannah Dairy Institute, Seotland, and the 
Dairy Research Institute at Kiel, Germany; 
Reading, England; and Wagenaar, Holland. 
Dr. Harper will be accompanied by his family. 


NEWS FROM WYOMING 


A very successful Dairy Manufacturing 
Short Course was conducted at the University 
of Wyoming at Laramie, February 12-13. 
Attendees numbered 58, and the speakers 
covered their subjects with competence and 
interest—-two factors making for the success 
of the Course. Products contests for milk, and 
vanilla and chocolate ice cream were also 
conducted. (See photo.) Prizes for these con- 





tests were supplied by various Dairy Industry 
suppliers. Of the 12 prizes awarded in the 
products contests, six were won by Wyoming 
dairies. 

During the meeting, those in attendance 
formed an organization to be known as the 
ROWDISCA (Royal Order of Wyoming Dairy 
Industry Short Course Attenders). Require- 
ments for membership are attendance at a 
short course. The group is more of a fun elub 
than a serious organization, but it should 
have a wholesome effect on the morale of the 
industry in Wyoming. 


CHERRY-BURRELL CORP. NOTES 


Appointment of E. L. Savonen as Manager 
of the St. Paul Sales Branch for Cherry- 
Burrell Corporation, effective April 1, has 
been announced by J. R. Frys, Assistant 
General Sales Manager for the Company. 

Gene Savonen joined Cherry-Burrell in 1949 
as a branch engineer trainee. A year later, he 
was assigned to Cherry-Burrell’s St. Paul 
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Kraft offers the dairy industry a 
4 W 4 FT wide variety of these ingredients 
for manufacturing ice cream, 


sherbets and frozen novelties. 
F f Each Kraft stabilizer and emul- 


sifier is produced to meet Kraft's 


high standards and 
DAIRY INDU TRY is designed to fill a 


specific dairy need. 


Accordingly, 
WITH STABILIZERS “3:2 
that the dairy's 
end product will 
AND EMULSIFIERS © °°." 


goodness. 

STABILIZERS FOR ICE CREAM 
KRAGELEEN ICE CREAM STABILIZER. Used in any ice cream 
mix for vat pasteurization or HTST where the mix is preheated. 
Made from Kraft’s own specially processed Irish moss and 
designed to properly stabilize the mix and give it good body and 
a creamy melt-down. 
KRAGELEEN FL. A special formula, developed specifically for 
HTST, to produce a top-quality ice cream. 

STABILIZER FOR SHERBETS 
SHER-STAY SHERBET STABILIZER. A new Kraft develop- 
ment for stabilizing sherbet, Sher-Stay reduces spurting and 
improves texture and body. 

STABILIZER FOR FROZEN NOVELTIES 
KRABYN STABILIZER. In new instant form... an excellent 
stabilizer for frozen novelties, designed to produce a smooth 
texture, proper viscosity and prevent the growth of ice crystals. 

EMULSIFIER FOR ICE CREAM 
KRAFT’S ICE CREAM EMULSIFIER. Kraft Emulsifier for ice 
cream and frozen confections. The 100% emulsifier that gives 
whipability to ice cream without interfering with efficient freezing. 
It improves texture and makes a dry ice cream. 
EMULSIFIER-STABILIZERS FOR ICE CREAM 

KRAFT EMULSIFIER-STABILIZER. This combination product 
functions as both a stabilizer and an emulsifier and offers the 
advantage of handling only one ingredient. It allows freezing 
the mix immediately after processing and gives better control 
of over-run. 


KRAFT 17 ES. Combining the advantages of both a stabilizer 
and an emulsifier, this ingredient produces a dry ice cream, 
controls over-run and is uniform and economical. 


To obtain free samples for classroom work, ask your Kraft Man or write 


KRAFT FOODS DAIRY SERVICE DIVISION 


CHICAGO « NEW YORK e GARLAND, TEXAS e SAN FRANCISCO 
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AMAIZO 


FRODEX® or 
CORN SYRUP 


GIVES ICE CREAM 
BUILT-IN 
PROTECTION AGAINST 
HEAT SHOCK 


From ice cream plant right 
to the.dinner table, 
AMAIZO.Fropvex or Corn 
Syrup guards.ice cream 
against frequent, handling 
and too-high storage. tem- 
peratures, preserving its 
frosty, “just-made” good- 
ness, Pioneered by Amer- 
ican Maize, this outstand- 
ing stabilizer for all types 
of frozen desserts (ice 
creams, sherbets, water 
ices and.frozen novelties ) 
also gives smoother body 
~ and sparks flavor. It adds 
to the nutritive food solids 
content. Impressive 
savings in productioniare — 
possible, too«Manufac- 
turers who prefer liquid 
ndling use AMAIZO 
Corn Syrup; those who 
prefer dry handling use 
AMAIZO Fropex. 


For full information write our Tech- 
nical Sales Service Staff in New 
York or any of our sales offices, 
without obligation, of course. 


ATLANTA + BOSTON «+ BUFFALO 
CHICAGO «+ DENVER + GRAND 
RAPIDS * HOUSTON + LOS ANGELES 
PHILADELPHIA « PITTSBURGH « ST. LOUIS 
ST. PAUL * SAN FRANCISCO « SEATTLE 








AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE © NEW YORK 17, N.Y. 








| 
| 
| 
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Branch, one of the Company’s 16 sales offices. 
Since that time, Savonen has handled both 
engineering and field sales assignments. He 
earned his degree in mechanical engineering at 


| the University of Colorado. 


Savonen and his wife, Naomi, and their 


| two daughters, Carol, 6, and Lynn, 3, live at 


3965 North Fairview Avenue, St. Paul. 


The USSR has contracted to purchase its 


| first automated continuous butter processing 


system from the Cherry-Burrell Corporation 


| in Cedar Rapids, Iowa. 


This $120,000 system is scheduled for ship- 


| ment in June. It will have a capacity of 2,000 


lb. of butter per hour. 
In 1938, Cherry-Burrell first sold Vogt ice 


| eream freezers to Russia. 


L. P. Martens, Cherry-Burrell Corporation, 
died in February, 1960, following a brief ill- 
ness. 

Mr. Martens started with Cherry-Burrell in 


| February, 1946, following service in the army 
| as a Major in World War II. He had been 
| in the Sales Department as a machinery spe- 
| eialist, a product sales supervisor, and as a 


product sales manager in Resale Products 
Department. Prior to coming with Cherry- 
Burrell, he was educated in Chicago and held 


| a degree in civil engineering from Armour 
| Institute of Technology (now Illinois Insti- 
| tute of Technology). His survivors are his 


widow, Alice; a daughter, Mrs. Elizabeth 
Maddox; and a son, Roy, Jr. 


CREAMERY PACKAGE PROMOTES 
D. C. ROAHEN TO DIRECTOR 
OF RESEARCH 


D. C. Roanen has been promoted to Di- 


| rector of Research of The Creamery Package 


Mfg. Company, Chicago, according to a recent 
announcement by the firm’s president, E. B. 
LeHrack. Mr. Roahen will continue to head- 


| quarter at Fort Atkinson, Wisconsin. 


Mr. Roahen graduated from Ohio State Uni- 
versity with a B.S. degree in Dairy Tech- 


| nology, and received an M.S. degree in Dairy 


Industry from the University of Wisconsin. 
After practical experience in general dairy 
processing operations with a nationally known 
company, Roahen joined Creamery Package 
in 1939 and completed the Company’s train- 
ing program. 
He then worked as a sales engineer in the 


| firm’s Chicago branch; later handled priorities 
| and government regulations; was transferred 
| to Production Control at CP’s Fort Atkinson, 
| Wisconsin, plant; and in 1949 was assigned 


| 
| 


to the Research Department. In 1957, he was 
made Senior Research Engineer, from which 
position he has just been promoted to Direc- 


tor of Research, succeeding A. H. Wakeman, 
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IN THE 
DAIRY FIELD 








OFFER ALL THESE 
ADVANTAGES 


A LONG RECORD OF DEPENDABILITY. 
lodine is recognized as a most efficient 
antiseptic and germicide. It is known to be 
effective against a wide range of organ- 
isms. New technology has now resulted in 
more efficient iodine formulations devel- 
oped especially for sanitization. 


EASY TO USE. lodine sanitizers are for- 
mulated especially for treatment of dairy 
utensils and equipment. Leading manufac- 
turers offer iodine sanitizers and detergent- 
sanitizers as liquids, powders or tablets. 


| who has been elected Vice-President in charge 
| of Engineering and Research. 


Mr. Roahen resides in Fort Atkinson with 


| his wife and three sons. He is active in com- 





| 
} 
| 


EFFECTIVE. lodine sanitizers are effective | 


in low concentrations . . . economical, too. 
They can help you supply better milk. 


EASY TO TEST. The well-known iodine color 
is an indication of solution strength. When 
the color of an iodine sanitizing solution 
begins to disappear, that is a signal to 
replenish or replace the solution. Test kits 
are available. 

Write us for further information and names of 


manufacturers offering iodine sanitizers in your 
area. No obligation, of course. 


CHILEAN IODINE 


| in beef cattle nutrition 


munity affairs and is currently treasurer of 
the Fort Atkinson School Board. 


BORDEN OPENS NEW PITTSBURGH 
PLANT 


An ultramodern, million-dollar ice cream 


| plant designed to provide smooth, continuous 


SANITIZERS 


flow of supplies and to avoid all cross-traffic 
during the production cycle has been opened 
in Pittsburgh, Pennsylvania, by the Borden 
Company. 

The one-story building, with 43,000 square 
feet of floor space, is located on a 131-acre 
plot on Mansfield Avenue overlooking the 
Penn-Lincoln Highway. It replaces a Borden 
plant used for many years at 4410 Liberty 
Street. 

High light of the new plant is its design, 
which allows for the most efficient use of 
automatic mixing equipment, a hardening 
tunnel that handles 1,200 gal. of ice cream 
per hour, a novelty machine that produces 
1,183 units at a time, and the palletizing of 
supplies and finished products. 


DAWE’S LABORATORIES APPOINTS 
R. H. JOHNSON 


Appointment of R. H. Jonson to its tech- 
nical service department staff as nutritionist 
has been announced by Dawe’s Laboratories, 
Ine., Chicago. 

In his new position, 
Dr. Johnson will work 
with other Dawe’s nu- 
tritionists in providing 
nutritional counseling 
and other technical 
services to feed manu- 
facturers. 

Before joining 
Dawe’s, Dr. Johnson 
served as a specialist 


in Argentina under the 
auspices of the United 
States government’s 
ICA program. 

A native of Los Angeles, California, Dr. 
Johnson received his B.S. degree in dairy 
husbandry at California State Polytechnic 
College and his doctorate in animal nutrition 


R. H. Johnson 


| at Iowa State University, Ames. 


EDUCATIONAL BUREAU,. 


INC. 


Room 2156 
120 Broadway, New York 5, N. Y. 


Pictures of Registered Dairy Cattle 
To Be Preserved 


Strohmeyer & Carpenter, Inc., White Plains, 
N.Y., will transfer the most valuable picture 
records of registered dairy cattle in the United 
States to the Van Dervort Studio, Cobleskill, 
N.Y., on April 15, The file contains more than 
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Kimble Dairy Test Ware is made to make 


the most rigid tests of the industry. 


it's Kimble Dairy Test Ware 


..-the standard for long, dependable service 


Oursranpinc accuracy and quality have 
established Kimble Dairy Test Ware as a 
recognized standard of the dairy industry. 
Careful tempering to equalize strains cre- 
ates glassware of maximum strength and 


Kimble Dairy Test Ware meets all federal 
and state requirements, passes the most rigid 
tests for accuracy and serviceability. 
Kimble Dairy Test Ware is distributed by 
leading dairy supply houses throughout the 














longest life expectancy. United States and Canada. 

aS is cass lle ec acetone desde eects ean - 

Ss Kimble Glass Company, Subsidiary of Owens-Illinois, Toledo 1, Ohio | 

FREE! Send new 5th Edition of “A Manual for Dairy Testing.” : 

of ‘A Manual for wae | 
Dairy Testing.” 

Send in the cou- Comgeny : 

pon for your copy Address 

now! | 
City Zone State | 
snk deaditemmaitmmnieiiitindiniaitedens dtitihinainemmmcmmsmmmmcaieeiunaiiiae OLE SL ANDO IE le ATT 
KIMBLE DAIRY TEST WARE O WENS -ILLIN OISs 


AN @ PRODUCT 


GENERAL OFFICES + TOLEDO 1, OHIO 
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130,000 livestock pictures over the past 44 
Yr. 

: H. A. StroHMEyeEr, JR., and C. T. CARPENTER, 
Jr., partners since 1928, as individuals will 
continue their activities in photography of 
dairy animals. However, the Van Dervort Stu- 
dio will produce all duplicate prints from 
Strohmeyer and Carpenter negatives, both 
from those in the present file and ones made 
in the future. 

Strohmeyer and Carpenter, recognized as 
the foremost photographers of livestock in the 
United States and Canada, have played an 
important part in the advancement and im- 
provement of the dairy industry. Recently, 
in honoring Mr. Strohmeyer, The Ayrshire 
Digest stated: 

“Accurate, uniformly posed, and unretouched 
photographs of successive generations of 
dairy cattle are a primary aid in noting 
progress through breeding and identifying 
features which have proven common in animals 
of high production. Through the use of such 
photographs, breeders have been able to formu- 
late ideals of dairy cattle type and more 
successfully achieve those ideals through se- 
lection of breeding stock.” 

The Van Dervort Studio, Cobleskill, New 
York, is situated in the dairy county of 
Schoharie, 40 mi. southwest of Albany. Oper- 
ated by Clifford and Jane Van Devort since 


1937, the studio offers a complete photographie 
service and is well-qualified to carry on the 
traditionally fine service furnished by Harry 
Strohmeyer and Charles Carpenter for many 
years. 


COMPLETED THESES 


Ph.D. degree 


Mitton L. Peertes—-forced convection heat 
transfer characteristics of fluid milk prod- 
ucts. The Ohio State University, Columbus. 


M. 8S. degree 


J. V. Brirron, Jr.—A study of the microbial 
flora of Cottage Cheese manufactured un- 
der plant conditions and stored at 5° C. 
University of Tennessee, Knoxville. 

L. M. CarPpeNntER—A study of the provision 
of trace minerals for suckling calves. Uni- 
versity of Tennessee, Knoxville. 

D. G. Easterty—Removal of Strontium®® 
and Calecium*> from milk by use of ion- 
exchange resins. University of Tennessee, 
Knoxville. 

A. F. McFre—tThe effects of various cooling 
methods on spermatozoan livability. Uni- 
versity of Tennessee, Knoxville. 

S. L. Parxrnson—A summary of the ree- 
ords on the Purebred Jersey dairy herd 








A COMPLETE PROGRAM AVAILABLE 


FOUR FLAVORS 
¢ French Onion ¢ Pizza 


Production Know-How 


* Garlic 
Advertising 


¢ Bleu Tang 


HERE’S THE 


NEW 
PRODUCT 


YOU'VE BEEN 
LOOKING FOR! 


Millions of packages 
already sold to date 


YOU CAN BE IN THE 
DIP-N-CHIP BUSINESS 
PRACTICALLY OVER- 
NIGHT 
present 


just use your 


+. ehr 
quip stir 


the flavor into your sour 





cream and dig in for 


Containers profits. 


Write or call today for particulars 


RAMSEY Laboratories, Inc. 


2742 Grand Avenue 
Cleveland 4, Ohio 


SWeetbriar 
1-2727 
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FROM STARTER TO FINISH 


LACTOSE ASSURES 


COTTAGE CHEESE EXCELLENCE! 


Lactose will give your cottage cheese an extra share of dairy freshness. It makes 
the dressing adhere to the curd...maintains the flavor appeal and appearance 
that create fast sales. 


LACTOSE IN COTTAGE CHEESE STARTERS Gets them off to a brisk, dependable 
start every time. Insures uniform performance of cultures. Improves curd 
characteristics. Increases viability and activity of frozen cultures. 

LACTOSE IN COTTAGE CHEESE DRESSINGS Extends shelf life of cottage cheese. 
Gives it a fresh, creamy appearance. Improves natural dairy flavor and reduces 
wheying off. 

Only Western can supply Lactose in a full range of particle sizes. Strict 
chemical and bacteriological specifications, rigid quality control and years of 
experience assure top performance. 

Take a good look at Lactose! For complete information, write Technical 
Service, Department 57E. 


actose 
WESTERN 
CONDENSING 
COMPANY 


Appleton, Wisconsin 


World's Largest Producer 
of Lactose — Pure Milk Sugar 
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MES 
Mastitis 
Organisms 





IOSAN is a potemeet germicidal 
cleaner that kills streptococcus, pseu: 
domonas, E. Coli, staphylococcus and 
other organisms that cause and spread 
Mastitis. Its ‘“‘Tamed-Iodine” killing 
ower has been substantiated b 
aboratory tests that meet hospita 
standards. Iosan provides safe, low 
cost Jy when washing udders 
and dipping teats. 
“Tatties” on milkstone. Iosan quickly 
cleans and sanitizes bulk tanks and 
other equipment. It ‘‘tattles” on hard- 
to-remove or overl accumula- 
tions of milkstone with a tell-tale 
yellowish-brown stain that is easy to 
remove. Reduces bacteria counts to 
consistent lows, leaves equipment 
sparkling clean. 
Two-in-one product. Iosan saves time 
and labor by replacing two or more 
single-action products. Also reduces 
hot water bills because it is used in 
tap or lukewarm water. For a free 
demonstration contact your regular 
supplier or Lazarus Laboratories Inc., 
Div. West Chemical Products Inc., 
42-16 West St., Long Island City 1, N. Y. 
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WORLD'S BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing and 
freezing equipment, the finest packaging—And 
The Finest Stabilizer—KELCO STABILIZER. 


Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 
75 Terminal Ave., Clark, N. J. 
20 N. Wacker Drive, Chicago 6, Ill. 
530 W. Sixth St., Los Angeles 14, Calif. 
Cable Address: KELCOALGIN — CLARKNEWJERSEY 
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at the West Tennessee Experiment Sta- 
tion from 1928 to 1952. University of 
Tennessee, Knoxville. 

. D. SkeAN—Changes in milk proteins asso- 
ciated with the growth of psyehrophilie 
bacteria. University of Tennessee, Knox- 
ville. 

M. SuBRAHMANYAM—Preservation of milk 
with hydrogen peroxide. University of 
Tennessee, Knoxville. 

J. D. Sutuivan—The effect of feeding L- 
thyroxine to dairy cows upon plasma pro- 
tein-bound iodine and fecal thyroxine. 
University of Tennessee, Knoxville. 


DAIRY TECHNOLOGY SOCIETIES 


Atlanta— EKvuGene WELDEN, Supervisor, 
Conferences and Short Courses, Georgia Cen- 
ter for Continuing Education, University of 
Georgia, at the April 4 meeting discussed Con- 
tinuing Your Education as an Adult. His 
speech stressed the importance of further edu- 
cation and what one can do to secure that 
education. 


Central Ilinois—April 13 meeting featured 
J. R. Wricgut, Ambrosia Chocolate Company, 
Milwaukee, Wisconsin, speaking to the group’s 
student dairy technology society and showing 
and illustrating the growth and harvest of 
cacao beans in Africa—Ghana, to be specific. 

May meeting of the group is to feature 
The Netherlands, and the ladies are also in- 
vited. 


Central Michigan—Apri! 20 meeting was 
designated Sponsoring Membership Night, in 
honor of the group’s many fine sponsors, who 
were presented their membership certificates. 
Guest speaker was GeorGE MCLEAN, secretary- 
treasurer of the United Dairy Workers, Local 
83 of Detroit, speaking on the subject Labor 
Relations. 


Detroit—T. I. Hedrick of the Department 
of Dairy of Michigan State University dis- 
cussed at the April 11 meeting the topic of 
The Effect of Ultra High Pasteurization Tem- 
peratures on Various Fluid Dairy Products. 
New officers and committees for 1960 are: 
President, Bruce Bervier; vice-president, 
WayNE Marker; secretary, L. G. Harmon; 
treasurer, WENDELL BuRGESS; sergeant-at- 
arms, Don MEeEseLus; board of directors, 
Joe Metser, Britt Peters, and Britt Forru. 

Program Committee, WayNE MarKER 
(Chairman), Britt Peters, Merritt PETEerson, 
Haut Foster, JoHN Torrey. Membership Com- 
mittee, Marion SHeparp (Chairman), Harr 
Morris, Leo SHEPARD, and W. BrERNarpI. Re- 
ception Committee, BakRNgEy Ricu (Chairman), 
Tep DELcCoMYN, JIM Po.LuarbD, Pete PErrorr, 
and GENE Brown. Nominating Committee, Don 
SmitH (Chairman), ANGELO DeFazio, Eb- 
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WARD Brown, Don STOWELL, and Rus Many. 
Edueational Committee, Wituram FortH 
(Chairman), CLINTON Spricgs, and JOSE 
Metser. The president and secretary are ex- 
officio members of all committees. 


Kansas City—A social hour and dinner was 
held March 31 at the U-Smile Motel. This was 
the society’s fifth program of the year. Tue 
guest speaker was Scott ANGEV:NE, vive- 
president, Angevine’s Laboratories, St. Louis, 
Missouri. His topic was: Cultures—Cottage 
Cheese and Quality. Announced purpose of 
this group is to render a service to all men 
and women employed in milk and milk prod- 
ucts plants of that area, and to consider prob- 
lems which will assist all of them in their 
efforts to furnish the consuming public with 
milk and milk products of high quality. 


Massachusetts—D. H. Jacospsen, Research 
Director, American Dairy Association, was 
the speaker at the March 7 meeting. He dis- 


cussed the progress of the various research | 
projects sponsored by the American Dairy | 
Association. Annual election of officers was | 


held at this meeting, with the following re- 
sults: Newly elected Executive Committee 
Members: JERE SULLIVAN, New England Stabi- 
lizer Company; E. A. BLAKELOCK, Keiner- 
Williams Company; B. 8S. Leacu, Dairy Labo- 
ratory Service; JEREMIAH McCarruy, Boston 
Health Department; Grecory Mercurio, D’- 
Orsay Equipment Company; J. H. Braae, Uni- 
versity of Massachusetts. Other Executive 
Committee Members: P. J. BLancHarp, P. J. 
Blanchard & Sons; C. E. CHENEY, Eliot Cream- 
ery; D. J. Hankinson, University of Massa- 
chusetts; C. A. Henin, American Dairy 
Association; K. F. Rouen, K. F. Rolph Com- 
pany; H. L. Wiupastn, H. P. Hood & Sons. 
Officers—1960-61: President—J. H. Braae, 
University of Massachusetts; Vice-President 
--C, A. Heprx, American Dairy Association; 
Secretary—K. F. Route, K. F. Rolph Com- 
pany; Treasurer—C. H. Lawrence, Hubinger 
Company. 


Metropolitan—aA cocktail-dinner meeting was 


held April 12 at Gasner’s Restaurant, New | 


York City. Topie of the meeting was The 
Haunted ences of Selling, and the speaker, 
D. R. Ouson, vice-president in charge of sales, 
Krim-Ko Corporation. New members of the 
organization are Frep Newson, Economics 
Laboratory, Inc.; R. H. IncHam, Creamery 
Package Manufacturing Company; and D. L. 
SperonI, Sylvan Dairy, Ine. 


North Carolina—G. C. Urian, Eastern Dis- 
tributor, Grace Machinery Company, Philadel- 
phia, Pennsyivania, was the speaker at the 
group’s April 13 meeting, bringing members 
the latest information of mechanization of the 
Cottage Cheese process. 


WVU 
NO FROZEN MILK 


IN A 
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OVER ANY OTHER BRAND 





Blend Temperatures 
Than Any Other Cooler 


33° ice-water cooling removes 
milk heat fast. Does not lower 
butterfat test by freezing milk. | 


@ Cools Milk for Less Than 1KW per 100 bs. 
on a Yearly Average — 
and Under Full Load 


Metered tests run at Young's 
Dairy, Twin Falls, Idaho, Dari- 
Kool used only .83 KW per 
100 Ibs. Send for this test. 

@ Protects Milk from Spoilage — 
Electric Power or a. 
Compressor Failures — 


Dari-Kool's large reserve ice- SS 
bank protects milk from spoil- ee 
>= 











age during such emergencies. 


%* In a national farm magazine preference 
survey of tank owners (all brands) Dari- 
Kool is now the 3 to 1 favorite over the 
second brand. Send for copy of survey. 


_ DAIRY EQUIPMENT CO., Madison, Wis. 
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Ohio—The programs at the November meet- 
ing of the four Ohio Dairy Technology So- 
cieties ineluded: Northeastern Ohio and 
Maumee Valley Dairy Technology Societies— 
What Is Dairy Technology ?—a slide sequence, 
developed recently by the Department of 
Dairy Technology, depicting the story of 
Dairy Technology. Central Ohio Dairy Tech- 
nology Society—Microorganisms as a Source 
of Food—presented by J. H. Licutrie.p, Bat- 
telle Memorial Institute, Columbus. Cincinnati 
Dairy Technology Society—Selling Is Our 
Business—presented by H. “Hap” Bowser, 
Dairy Pak Ine., Cleveland. 


Philadelphia—April 14 
R. C. Svanvriuu, Director, Philadelphia Food 
and Drug Administration. His topic was: Re- 
port from the Food and Drug Administration. 
His talk covered the antibiotics residues and 
pesticides residues in dairy products, and the 
administrative problems involved. 


Tri-Cities—The interesting topic of Off- 
Flavors in Milk and Their Identification was 
discussed by T. R. FreeMAN and WILLIAM 
LAGRANGE of the University of Kentucky’s 
Dairy Department, using flavor samples to 
illustrate their talks. 


meeting featured 


Western Michigan—April 18 meeting fea- 
tured a panel of guest speakers on the topic 


ee a ee 


1 Since 1906—thechoice 4 
of quality-minded 
_ dairy people — 


MARECHAL! 


The container bearing the Marschall 
stamp is your assurance of dairy 
supplies of the highest quality. 
Specify Marschall Rennet Extract @ 
Rennet Paste and Powder ® Cheese 
Color ® Annatto Food 
Colors ® Cottage 
Cheese Coagulator 
Tablets ® Marlac 
Culture @ Milk- 
testing Equip- 
ment and 
Supplies 






Write for 
descriptive | 


: oe - literature 


MARSCHALL 


4 
D paiRy LABORATORY, INC. 
| MADISON 3, WISCONSIN 
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Dairy Product Quality Sales Through Retail 
Food Markets. Panel members included: Mr. 
Van Parten of the Dairy Division of the State 
Department of Agriculture; F. C. Strona, 
sales manager for the Loekshore organization 
at Kalamazoo; L. V. EBERHARD, president of 
the Eberhard Food Stores, Grand Rapids; and 
Proressor Trout of the Dairy Department, 
Michigan State University. Products included 
in comments of panel members were: ice 
cream, butter, milk, 
and cream. 


Cottage Cheese, cheese, 





Animal Health Represenatives of Merck & Co. 


Twelve animal health sales representatives are 
shown above during a break in their spring train- 
ing meeting at Merck Chemical Division, Rahway, 
New Jersey. For 2 wk. the men were brought 
up to date on marketing practices and programs, 
under a schedule supervised by J. J. Linney, 
assistant agricultural sales manager, and W. E. 
Guenther, sales specialist in merchandising at 
Merck. 

Shown above, left to right, with residence ad- 
dresses and sales territories are: 

Front Row: D. J. Leyman, Fort Wayne, north- 
ern Indiana, western Michigan; C. D. Russell, Port- 
land, Oregon, Idaho, Montana, and Washington; 
J. F. Clausen, Temple, Oklahoma, Texas Pan- 
handle; S. R. Allen, Indianapolis, northern In- 
diana. 

Second Row: R. M. Brady, Springdale, Ar- 
kansas, southern Missouri; J. R. Espy, St. Louis, 
eastern Missouri, southern Illinois; M. L. Horner, 
Kansas City, western Missouri, Kansas; T. D. But- 
ler, Omaha, Nebraska and southwestern Iowa. 

Rear Row: W. L. Wilson, Toledo, northern Ohio, 
eastern Michigan; R. F. Jewett, Minneapolis, part 
of Minnesota, and North Dakota; R. D. Dueland, 
Cedar Rapids, eastern Iowa; and D. E. Tucker, 
Albany, southern Georgia, Florida, and southern 
Alabama. 








Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—tInsecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 
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ANOTHER BK PRODUCT 
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Way ON THE FA e- 


MODERN SANITIZER and CLEANER 
WILL NOT CORRODE STAINLESS STEEL 


Extensive lab tests and highly successful 
farm experience have definitely proved that 
PENNSAN is non-corrosive to stainless 
steel. This fact has been further substanti- 
ated by manufacturers of stainless steel 
equipment. (Test results on request.) 


PENNSAN is the superior bactericide serv- 
ing modern sanitization. It removes and 
prevents milkstone and films . . . works in 
even hardest water . . . conditions and 
brightens stainless steel . . . controls bac- 
teriophages without affecting starter cul- 
tures. PENNSAN is a unique chemical 
sanitizer—a new concept to serve more 


sanitizing and cleaning needs. 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700S. Eastern Ave., Los Angeles, Cal. 


Pennsalt 
Chemicals 
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FOR 
SANITATION 
RESEARCH 


INVESTS 


DIVERSEY 





EARNINGS 


Research—the yardstick by which we 
prepare for the future—is of first impor- 
tance at Diversey. Last year our expendi- 
tures for Research and Product Develop- 
ment amounted to about 25c of every dol- 
lar of pre-tax earnings. 


Much of this effort is aimed at applying 
electronics and atomic physics to Dairy 
Sanitation. Advanced research like this 
has led to improved techniques for evalu- 
ating results of C-I-P cleaning, for in- 
stance. 


In new-product development, an exam- 
ple of Diversey’s many contributions is a 


new non-foaming conveyor chain lubri- 
cant—DIcoLuBE SL. This lubricant pro- 
vides cleaner, more smoothly operating 
chains and eliminates the problem of slip- 
pery, hazardous floors along conveyor 
lines. 


By constantly searching for better prod- 
ucts and methods—solving the small 
problems as well as the large ones— 
Diversey advances the science of dairy 
sanitation . . . helping to insure quality 
milk and improve dairy efficiency. Per- 
haps our experience can help you. The 
Diversey Corporation, 1820 Roscoe 


Street, Chicago 13, Illinois. 


DIVERSEY. 2. 
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FOR TECHNICAL HELP... 


call the man fom ED lumentbal 


if In addition to supplying you with high quality 

chocolate flavorings and coatings for your ice 

cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 
by you. 








BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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GENemal Orvrrces 


THE CREAMERY PACKAGE MFG. COMPANY 


1245 WwW. WASHINGTON B.vo, 


TELEPHONE age 2008655 
maveuarxer (4222 CHICAGO 7. ILL CREAMERY CHICAGO 


Dr. Xe X» XXX, Professor 
Department of Dairy Science 
XXXXXX State University 
XXXKXX, KOCK 


, 
Dear Professor XXXXX + 


"Science or Technology" promises to be a lively topic for your 
student seminar discussion next week. Prior commitments force 
me to decline your invitation to be 4 member of the panel. 


May I make 4 few provocative comments which might be considered 
for discussion? 


- Science is the parent of Technology- 
~ Technology is the application of Science to the Arts. 
~ Technology is the fruition of Science. 


- Science and Technology #re the foundation of American 
Economic Progress. 


Creamery Package's outstanding advances in dairy and food process- 
ing equipment have resulted from the APPLICATION of SCIENTIFIC 
KNOWLEDGE to PROCESSING and ENGINEERING ARTS. Many of our technical 
and management personnel are trained in dairy science and are members 
of The AMERICAN DAIRY SCIENCE ASSOCIATION. 


Tell your students we feel that both the PURE SCIENTIST and the 
TECHNOLOGIST are necessary, that one supplements the other, and 
that BOTH will penefit equally from membership in the ADSA. 
Sincerely yourss 
4h 2. Wutten p- 


H. L. Mitten, Jre 
Director of Technical Sales 


HLM:eb 


P.Se We frequently have need for outstanding young men trained in 
dairy manufacturing, who have mechanical aptitude and interest in 
equipment. I would appreciate your so advising any qualifying 
students or recent graduatese 











AUTOXIDATION OF MILK LIPIDS. I. IDENTIFICATION OF VOLATILE 
MONOCARBONYL COMPOUNDS FROM AUTOXIDIZED MILK FAT! 


E. A. DAY anp D. A. LILLARD 
Department of Food and Dairy Techrology, 


Oregon State College, Corvallis 


SUMMARY 


The C: through Cw n-alkanals, the Cs through Cu: alk-2-enals, and acetone were con- 
clusively identified as 2,4-dinitrophenylhydrazones, from the volatile material of milk 
fat oxidized to a TBA No. of 15 and a peroxide value of 14.3. In addition, presumptive 
evidence is presented for the identification of but-2-enal and the odd-numbered C, 
through C,; n-alkan-2-ones. Approximately 63% of the isolated monocarbonyl com- 
pounds were n-alkanals and 34% alk-2-enals. The possible origin of the identified com- 
pounds, their role in the oxidized flavor of milk fat, and the relationship of the results 
of this paper to the findings of other workers are discussed. 





That carbonyl compounds are major constituents in the oxidized flavor of 
dairy products is well established (10, 11, 15, 27). The types of flavors encoun- 
tered appear to differ, depending upon the origin of the carbonyls in the milk 
lipids. According to Thurston, Brown, and Dustman (29), tallowy flavors arise 
from the glyceride fraction and the typical oxidized flavor from the phospholipid 
fraction. Published evidence on the types and amounts of oxidation products 
arising from the milk lipid fractions is not adequate, however, to substantiate the 
organoleptic observations. The most fruitful efforts have been directed to the 
identification of the carbonyl products of oxidized phospholipids. Forss, Pont, 
and Stark (10, 11) identified acetone, ethanal, n-hexanal, the C4 to C1; alk-2-enals, 
and the C,g to Cy; alk-2,4-dienals from copper-induced, oxidized skimmilk. 
Although not specified, it is assumed that the origin of the bulk of these compounds 
was the unsaturated fatty acids of the phospholipids. More recently, Van Duin 
(5) has presented presumptive evidence for the Ce to Cys alkanals, C; to Cy 
alk-2-enals, Cs and Cy, alk-2,4-dienals, and a number of ketones in oxidized phos- 
pholipids from butter. 

Information on the identity of the carbonyl products of oxidized milk fat 
is not as complete as that for the phospholipids. Keeney and Doan (15), in a 
study of oxidized fat, found 2-hydroxypropanal; unsaturated unconjugated and 
unsaturated conjugated ketones with the carbonyl oxygen on some other than the 
No. 2 earbon. More recently, Tamsma (27) oxidized milk fat at 100° C. and 
separated the volatile carbonyl compounds into three fractions characterized as 
unconjugated unsaturated, conjugated monene, and conjugated diene. 


Received for publication September 25, 1959. 


* Technical Paper No. 1267, Oregon Agricultural Experiment Station. 
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The research reported herein was designed to further characterize the volatile 
carbonyl compounds that comprise the oxidized flavor defect of milk fat. Con- 
elusive evidence is presented for the identification of the C, through C19 n-alkanals 
and the C; through C,; alk-2-enals from milk fat oxidized by exposure to air and 
diffuse light at room temperature. Presumptive evidence for but-2-enal and traces 
of the odd-numbered C; through C,; n-alkan-2-ones also is included. The qualita- 
tive and quantitative data revealed that the types and amounts of carbonyl 
compounds predominating in the oxidized triglyceride fraction of milk lipids 
are indeed different from those reported to arise from the oxidation of milk 
phospholipids. 


MATERIALS 


Milk fat. Milk fat samples were prepared from fresh pasteurized cream 
(70° C., 30 min.) by churning, melting the butter at 55° C., washing four times 
with water at 55° C., and removing the water with a small milk separator. Pre- 
cautions were taken to avoid contamination of the fat with catalytic metals during 
the preparation steps. Aliquots of the clear oils were placed in tightly stoppered 
flasks and stored in the dark at —20° C. Aliquots were taken from storage as 
needed and allowed to oxidize by exposure to air at 20 to 25° C. in diffuse light. 
Fresh samples for control studies were prepared from fresh cream when needed. 
Negative phosphorus tests on the fat samples indicated that the method for 
preparation of the fat was adequate for removal of phospholipids. 

Solvents. Hexane was treated as described by Day, Bassette, and Keeney (4). 
Low-boiling petroleum ether (37-40° C.) was treated the same way. Chloroform 
and ethanol were redistilled. The trace amounts of carbonyl] contaminants remain- 
ing in the solvents were accounted for by treating the solvents with 2,4-dinitro- 
phenylhydrazine* and isolating the derivatives which were then purified by 
column chromatography (4). Minute quantities of methanal and ethanal were 
found. 

Authentic carbonyl compounds. The n-alkanals and alkan-2-ones were 
obtained commercially, except for hexanal and 2-pentadecanone. Hexanal was 
prepared by dry distillation of the calcium salt of caproic and formic acids, and 
2-pentadecanone was prepared by dry distillation of the calcium salt of myristic 
and acetie acids, as described by Richter (23). The alk-2-enals from C; through 
Ci, were synthesized by the procedure of Radlove (22), with the following modifi- 
cations: Attempts to distill the intermediates, i.e., the diethyl acetal of 2-bromo- 
alkanals, were not successful, due to excessive frothing in the distillation pot. 
Therefore, the syntheses were carried to completion without purification of 
intermediate compounds and the crude alk-2-enals were removed from the dark- 
brown reaction mixtures by steam distillation. The crude alk-2-enals were 
extracted from the steam distillates, and the ether removed to give clear to slight 
yellow-colored oils. A portion of each crude alk-2-enal thus formed was reacted 
with 2,4-dinitrophenylhydrazine and the derivative was subsequently purified 
by column chromatography. 


* 2,4-dinitropheny] is hereinafter abbreviated DNP. 
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The DNP-hydrazones of all authentic carbonyl compounds were prepared 
by reaction with 2 N HCl, saturated with DNP-hydrazine. The DNP-hydrazones 
were purified by column chromatography, crystallized from low-boiling petroleum 
ether, and melting points determined. 


METHODS 


Iodine absorption number. Hanus method (2). 

Peroxide value. Peroxides were determined by the A.O.C.S. method (1) and 
are expressed as milliequivalents of peroxide per kilogram of fat. 

2-Thiobarbituric acid number (TBA No.). The procedure of Sinnhuber and 
Yu (25) was employed and the TBA number refers to the milligrams of malonal- 
dehyde per kilogram of fat. By conversion of the optical density readings of 
Dunkley and Jennings (6), with the assumption that the milks analyzed by them 
contained 4% fat, milks with slight oxidized flavors should exhibit a TBA number 
of 0.072. 

Determination of phosphorus in milk fat. The fat was ashed as described by 
Pont (20) and tested for phosphorus by the method of Fiske and Subbarrow (8). 

Isolation of volatile monocarbonyl compounds. The carbonyl compounds were 
isolated from the fat by means of the steam deodorization apparatus illustrated 
in Figure 1. This apparatus is a modification of the one deseribed by Patton and 
Tharp (19). Five hundred-gram batches of fat were warmed to 40° C. at 2-3 
mm.Hg pressure and stripped with steam generated at the same pressure. Each 
distillation was terminated when approximately 250 ml. of water had passed from 
the steam generator. These mild conditions, while not as efficient as higher tem- 
peratures, were used in order to keep heat-generated compounds to a minimum. 

Upon completion of a distillation, 250 ml. of 5 N HCl saturated with DNP- 
hydrazine was added to Flask No. 4 and the frozen distillate was allowed to melt 
and drain into the reagent. The cold finger traps were finally washed with a total 
of 100 ml. of warm ethanol to remove any material adhering to the glass surface. 
That portion of the distillate contained in Trap C was removed by washing with 
50 ml. of ethanol and this material was combined with that in Flask No. 4, giving 
a final volume of 650 ml. of reaction mixture. Flask No. 4 was then closed with 
glass stoppers and allowed to stand 12 hr. The DNP-hydrazones of the mono- 
earbonyl compounds were obtained from the reaction mixture by extracting five 
times with 100-ml. portions of hexane. The extracts were combined and the 
hexane removed at reduced pressure to yield a dry residue which was designated 
the monocarbonyl mixture. 

That the hexane extraction procedure was adequate for isclation of the bulk 
of the DNP-hydrazones of monocarbonyls from the reaction mixture was demon- 
strated by the following experiment: After hexane extraction, the reaction 
mixture was extracted three times with 100-ml. portions of chloroform; the 
extracts were combined and the chloroform removed to yield a dark-red residue. 
The dark-red residue (chloroform extract) was exhaustively extracted with 
hexane; the hexane extract was concentrated and analyzed by column chroma- 
tography (4). Trace amounts of C; to Cz; monocarbonyl derivatives were found. 
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Reaction of a portion of the chloroform extract with aleoholic KOH yielded a deep 
blue to violet color indicative of bis-DNP-hydrazones. For all practical 
purposes, this mixture was considered to contain no significant amounts of mono- 
carbonyl compounds and was set aside for future investigation. 

Column and paper chromatography. The nitromethane-hexane-Celite column 
described by Day et al. (4) was used as the major tool for separation and purifica- 






48 7o vacuum 
@  (2-3mm. Hg.) 


3 4 


L Steam generator (500 ml) 

2 Steam trap (* ) 

3. Steam- stripping flask (2 liter); warmed to 40°C. 
4. Reaction flask(/ liter) 

A&B. Cold finger traps (powdered ary ice) 

C. Glass bead trap ( ” ) 


Fie. 1. Apparatus for isolation of volatile carbonyl compounds from milk fat. 


tion of the monocarbonyl mixtures. This procedure was complemented by the 
paper chromatography methods of Huelin (13) and Klein and de Jong (16). 

Spectrophotometric analyses. Absorption spectra of the DNP-hydrazones 
dissolved in chloroform were obtained with the Beckman Model DU and the 
Beckman DK-I spectrophotometers over the range of 290 to 450 mu. 

Melting point analyses. Melting points were taken on a Kofler micro-hot stage 
and were recorded as corrected melting points. Samples for melting points were 
prepared by placing several crystals on the glass slide, then by covering the 
erystals with a cover slip and firmly placing the eraser end of a pencil on the 
cover slip and rotating the pencil a homogenous, powdery mixture of crystals 
resulted. This procedure was especially useful for preparing samples for mixture 
melting points. 

RESULTS 


Qualitative analyses. Fresh milk fat with an iodine number of 31.1, and with 
no detectable amount of phosphorus, was oxidized to a peroxide value of 14.3 
and a TBA number of 15.0. The DNP-hydrazone mixture of the monocarbonyl 
compounds, obtained from 1,500 g. of this fat, was separated into 11 bands on 
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20-g. nitromethane-hexane-Celite columns. A number of columns was required 
to handle the entire monocarbonyl mixture and specific bands were pooled for 
subsequent analysis. A column showing separation of the mixture into the various 
bands is depicted in Figure 2. The absorption maxima of the initially separated 
bands are given in Table 1. These data suggested that Bands 1, 3, 5, 7, and 9 were 
composed of ketones, Band 6 and 10 of saturated aldehydes, and Bands 2, 4, and 
8 of alk-2-enals. Subsequent melting point analysis of crystals representing each 
band revealed, however, that in most cases the bands were composed of multiple- 
component mixtures. This was further substantiated in the cases of Bands 3, 5, 


Band 12: Reagent 
oe “11: Methanal 
“10: Ethanal 
— ___ But-2-enal 
—_——" & Proponal 
Acetone 
— _, ,, Pent-2-enal 
& n-Butonal 
“— . > Hex-2-enal 
7* n-Pentonal 
Hept-2-enal 
a 6: n-Hexanal 
2-Pentanone 


" 5: Oct-2- enal 
* n-Heptanal 


. Non- 2-enal 
4: n-Octanal 
2-Heptanone 


Dec- 2-enal 
n- Nonanal 


annem 
— 
Undec-2-enal 
“ 2: n-Decanal 
Lio” 2-Nonanone 
“ y, 2-Undecanone 
2-Tridecanone 


Forerun: 2-Pentadeconone 





Fig. 2. Nitromethane-hexane-Celite partition column showing initial separation of the 
DNP-hydrazone mixture of the volatile monocarbonyl compounds from oxidized milk fat. 


and 7 which, although appearing to be ketones according to absorption maxima, 
gave odors of aldehydes when regenerated by the sulfuric acid method of Bassette 
and Day (3). 
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Day et al. (4) reported that the nitromethane-hexane-Celite partitiva column 
would not separate mixtures containing alkan-2-ones, alkanals, and alk-2-enals 
with chain lengths of Cy, Cn41, and Cy, respectively. Results in our laboratory 
show that alk-2,4-dienals with chain lengths of C,,4 also can occur in these mix- 
tures. Each of the initial 11 bands, therefore, could contain from one to four, or 
possibly more, components such as described. In this investigation, it was 
observed that when chromatographing an individual multiple component band, 
purposely overloading the columns caused the components to become more 
concentrated in specific sections of a band area. This made it possible to obtain 
pure compounds by fractionation of each multiple component band into as many 
as ten fractions, obtaining absorption spectra of the fractions, pooling fractions 
with similar absorption maxima, and rechromatographing pooled fractions until 
pure compounds were obtained. For example, Band 3 of Table 1 was initially 
separated into seven fractions, giving the following absorption maxima: Fraction 
1= 358 mu; 2= 359 mp; 3= 363 mp; 4= 365 mp; 5= 369 my; 6 = 371 mp; 
7 = 373 my. Fractions 1 and 7 were pure n-nonanal and dec-2-enal, respectively. 
Fractions 2, 3, and 4 were pooled as were 5 and 6, and subsequently rechromato- 
graphed. It was possible, by this procedure, to build up sufficient quantities of 
pure compounds for identification. 

Following purification by column chromatography, the eluates were taken to 
dryness under reduced pressure and the residues crystallized from petroleum 
ether. The crystals were then transferred to filter paper with a micro-eye dropper, 
dried, and used for identification studies. Identification of the DNP-hydrazones 
was dependent upon the following data. Chain lengths were ascertained by 
column (4) and paper chromatography (13, 16). Conjugated unsaturation and 
functional groups were revealed by absorption spectrophotometry. Agreement 
between the melting points of authentic and unknown derivatives, coupled with 
the absence of depressions in mixture melting points, served as the criterion 


for conclusive identification. 

Evidence for the conclusive identification of 18 monocarbonyl compounds 
isolated from autoxidized milk fat is presented in Table 1. Although acetone 
was the only ketone conclusively identified, presumptive evidence for the presence 
of odd-numbered C; to C;; alkan-2-ones was obtained. Fractions 2A, 4A, and 6A 
of Table 1 were detected spectrophotometrically in the front of their respective 
bands. These fractions were not readily visible on the chromatographic column, 
but were found at very low concentrations in eluates immediately preceding the 
front edge of the bands. For example, if it were possible to divide Band 2 on 
the basis of absorption spectra, one would first see an absorption maxima of 360 
my at the edge of the band, which then drops to 358 mp and again raises to 373 my 
as one progresses towards the tail of the band. Insufficient quantities of Fractions 
2A, 4A, and 6A prevented conclusive identification. Paper chromatograms, 
however, gave R; values congruent with the authentic’ ketone derivatives. Odors 
of these fractions when regenerated were neither typical of aldehydes nor of 
ketones but were suggestive of mixtures. 
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The evidence given in Table 1 suggests that the forerun and Fractions 1A and 
1B are ketones. The Re values by the Klein and de Jong method (16) were in 
agreement with those of the respective authentic derivatives. Regeneration of 
the free carbonyl compounds gave odors typical of ketones. The oily, amorphous 
crystals obtained from these fractions gave no distinct melting points. 

Repeated attempts to purify Fraction 9C (Table 1) by column and paper 
chromatography were unsuccessful. The highest melting range obtained for the 
dark-red crystals was 170-176° C. The Re value of this material, by the Huelin 
method (13), was identical to the authentic DNP-hydrazone of but-2-enal. 

Tamsma (27) obtained evidence for conjugated alk-2,4-dienals in oxidized 
milk fat, and several of these compounds were identified by Forss et al. (10, 11) 
in copper-induced, oxidized skimmilk. Their conspicuous absence in our volatile 
monocarbony! mixture suggested possible destruction during the many manipula- 
tions inherent in identification studies as reported by Nonaka et al. (18). To 
clarify the point, the DNP-hydrazones of monocarbony] mixtures from three fat 
samples, oxidized to peroxide values of 0, 4.3, and 15.0, and TBA numbers of 
0.48, 5.2, and 15.8, were separated into the 11 major chromatographic bands. 
Individual bands were then separated into subfractions and absorption spectra 
obtained. The analyses were carried to completion within 48 hr. and precautions 
were taken to minimize oxidative effects. Again, no evidence of the presence of 
alk-2,4-dienals was obtained. 

Quantitative analysis. The efficiency of the steam stripping procedure for 
removal of carbonyl compounds from fat was determined by adding weighed 
amounts of undec-2-enal, n-nonanal, n-heptanal, and n-pentanal to 500 g. of fresh 
milk fat and measuring the quantities recovered as DNP-hydrazones by spectro- 
photometric procedures. The recoveries were as follows: undec-2-enal 56% ; 
n-nonanal 75% ; n-heptanal 63% ; and n-pentanal 61%. The true efficiency of the 
steam stripping method was found to be higher than the above values when the 
per cent reaction of the four compounds with DNP-hydrazine was taken into 
account. The per cent reaction of the above four compounds was 94, 93, 76, and 
87%, respectively. This would raise the true efficiency of the steam stripping 
method for the four compounds to 60, 81, 83, and 70%. The reaction conditions 
were identical to those used to isolate the carbonyls from distillates of oxidized fat. 

Table 2 shows the quantities of free volatile carbonyls occurring in milk fat 
oxidized to a TBA number of 15.0 and a peroxide value of 14.3. These data were 
obtained by separating the DNP-hydrazone mixture into the fractions shown in 
Table 2, measuring the absorbance of each fraction at its wave length maximum, 
and then calculating the quantity of carbonyls represented thereby. Inherent 
losses in purifying each fraction precluded quantitative measurements of every 
compound identified in the respective fractions. The quantity of carbonyls repre- 
sented by a particular fraction, therefore, is expressed in terms of the major 
compound contained in that fraction. The major compounds representing the 
various fractions for the quantitative measurements are included in Table 2. 

Control studies. The monocarbonyl compounds present in 500 g. of fresh fat 
were isolated and handled in the same manner as described above. Initial column 
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chromatography of the crude DNP-hydrazone mixture gave only bands for 
acetone, methanal, and ethanal, but the forerun contained traces of derivatives. 
Therefore, the forerun was pooled, concentrated, and rechromatographed to give 
a total of seven bands. These bands exhibited threshold volumes (4) and Ry values 
identical to the respective bands from oxidized fat. No evidence for Band 7 was 





TABLE 2 
Quantitative analyses of carbonyl compounds from oxidized and fresh milk fat 
Mg. of uM of Mg. of uM of 
Column Caleulated earbonyl/kg  carbonyl/kg carbonyl/kg carbonyl/kg 
sand No. as uM X 10* oxidized fat oxidized fat fresh fat fresh fat 
1 2-Undeecanone 2.3 1.8 10.6 0.13 0.76 
2 Undee-2-enal 2.7 5.9 35.0 0.18 iz 
3 n-Nonanal 2.3 2.5 17.8 0.07 0.50 
4 Non-2-enal 2.7 14.2 103.0 0.06 0.43 
5 n-Heptanal 2.3 15.3 134.0 0.16 1.4 
6B n-Hexanal 2.3 15.6 156.0 0.14" 1.4 
6C Hept-2-enal 2.7 5.4 48.0 me a 
2 n-Pentanal 2.3 13.8 _. _ (ee nt ae 
8 Pent-2-enal 2.7 3.4 40.0 0.07 0.87 
9B Propanal 2.3 5.2 90.0 0.07” 1.2 
9 But-2-enal 2.7 0.7 10.0 us ests 
10 Ethanal 2.3 1.4 32.0 0.7 16.0 
11 Methanal 1.9 0.4 13.0 Petes 
Total 85.6 849.4 1.58 24.3 


*Band 6 Caleulated as n-hexanal. 
»Band 9 Calculated as propanal. 


obtained. Identical results were obtained in a second experiment, wherein a 
different fat sample was used. Quantitative data were obtained and are presented 
in Table 2. Regeneration of the DNP-hydrazones representing each band and 
observations of resulting odors gave leads to the types of compounds present in 
several of the bands. Bands 3, 4, 5, and 6 exhibited odors suggestive of aldehydes. 
Because of insufficient quantities of DNP-hydrazones, odors of the carbonyls 
regenerated from Bands 1, 2, 8, 9, 10, and 11 were too faint for characterization. 

Characterization of the odors of identified carbonyl compounds. Observations 
on the odors of authentic carbonyls, both individually and in mixtures, and of the 
regenerated DNP-hydrazones of carbonyls identified from oxidized milk fats, 
revealed that the monocarbony!] mixture isolated in this study closely resembles 
the oxidized odor of milk fat. It was also noted that the identified compounds 
were classifiable into definite odor categories. The C7; to Ci; alk-2-enals exhibited 
metallic, cardboard type odors, whereas the C; to Cio n-alkanals gave oily-tallowy 
odors. The C; and Cg alkanals and alk-2-enals gave fruity type odors, and the 
odor of the shorter-chain monocarbonyls was more sharp and irritating. 


DISCUSSION 
Origins for some of the carbonyl compounds identified in this study are 
explainable by the oxidation theories of Farmer and co-workers (7). Reaction 
schemes have been published for the production of ethanal, propanal, hexanal, 
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but-2-enal, and pent-2-enal from linoleate (14), and hept-2-enal and oct-2-enal 
from linolenate (24, 26). A similar scheme for the oxidative degradation of oleate 
which may account for octanal, nonanal, dec-2-enal, and undec-2-enal follows: 


CH,(CHz)«CH2—-CH=CH—CHz( CHz) «COOR 
11 10 9 8 


Oleate 
-H* aia 
. wl . . —_ —_ * 
—CH-CH=CH-CH,- —<+—CH=CH-CH-CHL,— = — CH. —CH-CH=CH> => —Cl.—CH=Ci-Cit- 
1 wm 9 8 11 10 9 8 1 wm 9 8 1 0 9 8 
+H lane +H lea 


+Oz +O +O ts 


OH -* OH H H 
“_ —$ 1 —$] oe 8 
—-CH-—-CH=CH-—CH,.— —CH=CH-—-CH-—CH,.— —CH.—CH-—CH=CH— —CH.—CH=CH-— oe 


| | | 
1 0 9 8 11 0 9 8 11 10 9 8 1 WwW 9 8 


n-Octanal Dee-2-enal n-Nonanal Undee-2-enal 


Neither the above nor similar reaction schemes explain the presence of n-pentanal, 
n-heptanal, hex-2-enal, and non-2-enal, unless it is assumed that unusual migra- 
tions of double bonds occur. It is notable that in this study, pentanal, heptanal, 
and non-2-enal account for over 50% of the total volatile carbonyls isolated from 
oxidized milk fat. 

According to the early work of Tauffel et al. (28), followed by the recent 
findings of Patton and Tharp (19), alkan-2-ones can be generated from fats 
through the action of heat and water. The same phenomena may account for the 
trace quantities of odd-numbered C; through C,; ketones observed in this investi- 
gation. The increase in quantity of Band 1 (Table 2) in oxidized fats over that 
of fresh fat can not be explained by heat generation. The evidence obtained for 
the identity of compounds contained in Band 1, although suggestive of ketones, 
does not preclude the presence of aldehydes in the same fraction. 

The presence of a large number of carbonyls in fresh fat samples, some of 
which appear to be aldehydes, suggests that lipid oxidation may have occurred in 
the creams used as the source of fat. According to the work of Hills and Thiel 
(12), oxidation of milk lipids may commence shortly after the milk leaves the 
cow’s udder. 

Some of the results presented in this paper are contrary to the findings of other 
workers (15, 27). Keeney and Doan (15) concluded that the bulk of the volatile 
carbonyl compounds from oxidized milk fat were ketones, with the carbonyl 
oxygen in a position other than the No. 2 carbon. Their conclusions were based 
on the specificity of the Girard reagent for separation of ketones from aldehydes, 
a negative iodoform test, elemental analysis, and absorption spectra. The Girard 
reagent is nonspecific (9), negative iodoform tests do not preclude aldehydes, 


elemental analyses will fit both aldehydes and ketones of comparable chain length, 
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and absorption spectra can be misleading, as shown in the second column in Table 
1 of this paper. We suggest, therefore, that Fraction 1 and combined Fractions 
2, 3, and 4 of Keeney and Doan (15) are similar to Band 6 and Band 4, respee- 
tively, in Table 1. 

Contrary to the results of Tamsma (27), we found the conjugated monene 
carbonyl fractions (34% of the total volatile carbonyls) to be significant in the 
oxidized odor of the milk fats investigated. Furthermore, we found no evidence 
that unsaturated unconjugated carbonyl compounds were the major components 
of the oxidized fat odor, as reported by Tamsma. Rather, it would appear that 
his unconjugated fraction was similar to the alkanals identified in this study. It 
immediately becomes apparent that while the evidence presented herein does not 
reveal unsaturated, unconjugated carbonyls, it does not preclude their existence. 
Shifts in double bonds from unconjugated to conjugated positions could occur 
without detection during manipulation of the fat, the isolation of volatiles, and 
the formation and purification of derivatives. Evidence to refute such a possi- 
bility would include: (1) the results presented above, in which the mixture of 
identified alkanals and alk-2-enals gave an odor closely resembling that of oxidized 
milk fat; (2) the generally accepted concepts for the mechanism(s) of fat oxida- 
tion; (3) studies of hydroperoxides isolated from oxidized unsaturated fatty 
acids in which cis-trans conjugated monomeric monohydroperoxides were the 
major initial oxidation products (17, 21). Tamsma (27) also reported the 
presence of conjugated diene carbonyls in oxidized milk fat which were not 
found in our samples. In this case, the differences in results may be due to differ- 
ences in the composition of milk fat samples and oxidation conditions employed 
for the two studies. 

In view of the large number of aldehydes identified from oxidized milk fat, 
it does not appear feasible to attribute the odor defect to a few specific compounds. 
Rather, the presence of the complete spectrum of compounds seems necessary 
for the typical odor associated with oxidized milk fat. Of the carbonyls isolated 
from oxidized milk fat, 63% were alkanals and 34% were alk-2-enals, whereas 
the majority of the carbonyl compounds reported by Forss et al. (10, 11), in 
oxidized phospholipids in skimmilk, were alk-2-enals and alk-2,4-dienals. There- 
fore, the differences in the types of compounds appearing to predominate in 
oxidized glyceride and phospholipid fractions may well explain the distinctly 
different oxidized odors associated with the two fractions. 
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CHEMICAL COMPOSITION OF MILK? 


T. A. NICKERSON 
Department of Food Science and Technology 
University of California, Davis 


SUMMARY 


Data are presented on analytical determinations of 23 milk components in 258 bulk 
samples. The significance of seasonal and area differences in these components was 
measured. All components, except proteose-peptone nitrogen, nonprotein nitrogen, soluble 
calcium, and insoluble organic phosphorus, show significant variations with season. Statis- 
tical evidence of a greater significance in seasonal changes in citrie acid, magnesium, and 
the soluble forms of phosphorus may implicate these in seasonal difficulties encountered 
in milk processing. 





Interest in the chemical composition of milk and its variations has increased 
in recent years. Recent reviews (1, 2,10) indicate the voluminous literature on 
the subject. It has become increasingly clear that variations in composition 
influence the stability of milk during the processing of concentrated and sterilized 
products or result in processing difficulties or defects in cheese, ice cream, market 
cream, and other dairy products. Changes in processing modifications may reduce 
or prevent some of these defects, but it is still a matter of conjecture which of the 
changes in milk are the primary causes. 

Many factors are known to influence milk composition, such as cattle breed, 
stage of lactation, environment, and feeding and management practices. How- 
ever, data in the literature are insufficient for prediction of the variation 
in composition that could be expected from different bulk milk supplies and how 
much variation might occur in a given milk supply during changes in the seasons. 
Data are also lacking on the relationship of the milk constituents to each other. 

This is a report of a project to determine the chemical composition of several 
milk supplies over a long period, in order to measure the magnitude of changes 
in selected milk constituents. The interrelationship of these constituents will 
be reported in a subsequent paper. 

The milk samples were received at biweekly intervals from six processing 
plants in the principal milk-producing areas of California: Visalia, Newman, 
Davis, and Willows, representing the southern to northern sections of the hot, 
dry central valleys; and Petaluma and Fernbridge, representative of the cool, 
moist coastal regions. These areas also exemplify differences in feeding and 
management practices, as well as breed differences. Visalia is an area of pre- 
dominantly Holstein herds. There are increasing numbers of other breeds up the 
valley. In the coastal areas, Jersey and Guernseys are found in greater numbers. 
All samples received from these areas were considered to be representative of 
the bulk manufacturing milk supply of the cooperating creamery. 


Received for publication October 26, 1959. 


* This study was supported in part by funds from the California Dairy Industry Advisory 
Board. 
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The milk was cooled in ice water and then shipped in a chilled stainless steel 
thermos by bus, so that it arrived for analysis the same day. Any samples in 
unsatisfactory condition on arrival were discarded. Data from 258 milk samples 
received during the period October, 1956, to June, 1958, were used in preparing 
this paper. Many more samples were received and partially analwzed, but statis- 
tical analysis requires exclusion of samples for which data on some constituents 
are lacking. 

Estimates were made of 23 components of milx: 1. Total solids by Monjonnier ; 
2. Fat by Babeock; 3. Solids-not-fat by difference. 4. The total nitrogen by 
semimicro-Kjeldahl was distributed as follows: 5. Casein N; 6. Heat-denaturable 
whey protein ; 7. Proteose-peptone N, and 8. Nonprotein N by Rowland’s method 
(9). 

Phosphorus was determined by a modification of the Harris-Popat method 
(5). Digestion was accomplished with Kjeldahl reagent. With samples that did 
not require digestion, 0.4 ml. Kjeldahl reagent was added to adjust acidity 
to about pH 1, the level necessary for the conditions of the reaction. The general 
procedure was to add to a 25-ml. volumetric flash, 5-ml. sample (containing 
0.025-0.125 mg. phosphorus), dilute to about 15 ml. with water, add 0.4 ml. 
Kjeldahl reagent and 1.0 ml. of 5% ammonium molybdate solution, and mix 
thoroughly. Then 2.0 ml. of elon solution was added and the mixture diluted 
to volume. The optical density of each sample was read at 820 my against a blank 
15 min. after the elon addition, and the phosphorus was estimated from a standard 
curve in the usual way. 

The phosphorus distribution scheme was based on the methods of Graham 
and Kay (4) and Pyne (8). Four direct analyses were made, as follows: 9. Total 
phosphorus, determined on digestion of whole milk; 10. Total soluble phosphorus, 
determined on digestion of rennet whey; 11. Total inorganic phosphorus, deter- 
mined on the trichloroacetic acid (TCA) filtrate from milk, which is the same as 
Rowland’s C filtrate for determination of nonprotein nitrogen; and 12. Soluble 
inorganic phsophorus, determined on TCA filtrate of rennet whey. 

From these analyses, the following forms of phosphorus were calculated: 13. 
Organic phosphorus = 9—11; 14. Soluble organic phosphorus = 10—12; 15. 
Insoluble organic phosphorus = 13—14; 16. Insoluble inorganic phosphorus 
(colloidal) = 11 — 12; 17. Total insoluble phosphorus = 9 — 10. 

18. Citric acid content of milk was estimated by a pentabromoacetone procedure 
based on the methods of Perlman et al. (7) and Ettinger et al. (3). A 1-ml. 
sample containing 0.1-0.5 mg. citric acid, and 11 ml. 15% TCA were added to a 
50-ml. glass-stoppered flask. One milliliter of 1 M bromide-bromate solution was 
added while shaken thoroughly, and 2 ml. of 0.125 M KMnO, was then added at 
a very slow rate and with vigorous agitation. The mixture was allowed to stand 
at room temperature for 10 min. Sufficient 2 M hydrazine solution (about 7 
drops) was added to decolorize the solution completely. The stopper and sides of 
flask were washed with 1-2 ml. water, a few glass beads were added, and the 
solution was extracted with 15 ml. petroleum ether (washed with cone. H2SO,) 
by shaking vigorously for 2 min. The flask was allowed to stand until the layers 
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separated. Then, to tubes containing 5 ml. 50% pyridene-water mixture and 5 
ml. 4% NaS solution, 10 ml. of the petroleum ether extract was added, and the 
tubes were shaken vigorously for 1 min. The yellow color developed within 5 
min. and was stable for 45 min. Optical density was measured at 450 muy, and citric 
acid content was estimated from a standard curve. 

The calcium and magnesium contents were measured by the procedure sug- 
gested by Jenness (6). 19. Total calcium and magnesium (expressed as milligrams 
of calcium) ; 20. Total calcium, and 22. Soluble calcium (the form in rennet whey). 
21. Total magnesium = (19 — 20) X 24.3/40, and 23. Insoluble calcium = 20 
aw 9 

Much of the statistical analysis (means, standard deviations, correlations) 
was calculated at the University Computer Center, using punch cards and a 
701 computer. Other portions of the analysis were made according to standard 
statistical procedures, i.e., analysis of variance, significance of differences. 

The mean compositions of the milks from the different areas over the 21-mo. 
test period are shown in Table 1. The range of variation to include 95% of 
the cases can be readily calculated from mean + 2 standard deviations. It is 
apparent that most of the major constituents vary at least 10-20%. The area 
differences, reflect variations, primarily due to breed but also undoubtedly in- 
fluenced by climate and management and feeding practices. The parts of the 
variation due to season and to area were measured by analysis of variance, but no 
attempt was made to study the effects of management or feeding, except where 
these factors entered into area differences. 

The milks from the various areas differed significantly in their content of 
many constituents (Table 2). The means were ranked in increasing order and 
the difference between them was measured for significance for use of the appro- 
priate formula for the least significant difference, which is based upon Student’s 
‘*t’’ distribution. The areas underscored by the same line indicate that the milks 
contained similar levels of the constituent measured. Any areas not underscored 
by the same line are significantly different in the constituents. The milks showed 
significant variations by areas for all constituents except soluble organic phos- 
phorus, citric acid, and magnesium. 

In a similar fashion, differences due to season (Table 3) were tested for sig- 
nificance. In Table 4, the seasons not underscored by the same line were 
significantly different in the constituent measured. In this case, the quantities 
of proteose-peptone nitrogen, nonprotein nitrogen, organic phosphorus, insoluble 
organic phosphorus, and soluble calcium did not show significant variations with 
season. All the other constituents did vary significantly with season. 

It can be seen from the data in Table 3 that most constituents were at their 
lowest levels in May, June, and July, and at their highest levels in November, 
December, and January. Variation from sample to sample was considerable, 
however, even though they were from bulk milk supplies. This has been found 
by other workers, too. 
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TABLE 5 
F values obtained by analysis of variance 
Season Area 

1. Total solids 71.66** 231.65** 

2. Fat 62.41** 178.88** 

3. S.N.F. 6.67** 34.45** 

4. Total nitrogen 56.26** 11701°* 

5. Casein N 50.89** 119.78** 

6. Lactalbumin + lactoglobulin N 17.84** 21.23** 

7. Proteose-peptone N 2.17 NSD * 16.12** 

8. Nonprotein N 1.37 NSD 9.84** 

9. Total phosphorus i2a7F* 42.57** 
10. Total soluble P 20.09** 2.28* 
11. Total inorganic P 6.95** 32.16** 
12. Soluble inorganic P iwi 6.94** 

13. Total organie P 2.18 NSD 5.20** 
14. Soluble organic P 9.72** 1.28 NSD 
15. Insoluble organic P 1.41 NSD 4.60** 
16. Colloidal inorganic P 6.97** 16.60** 
17. Total insoluble P 6.92** 35.81** 
18. Citrie acid 15.09** .92 NSD 
19. TotalCa+ Mg 3.18* 32.69** 
20. Total Ca 15.80** 168.39** 
21. Total Mg 4.53** .81 NSD 
22. Soluble Ca 1.47 NSD 10.60** 


23. Insoluble Ca 13.60** 72.54** 





** Season F.01 = 3.88. Area F.01 = 3.11. 
* Season F'.05 = 2.65. Area F.05 = 2.26. 
* NSD — no significant difference. 


The F values resulting from analysis of variance of the data are given 
in Table 5. They indicate the tremendous significance of the compositional 
differences among these commercial bulk milk samples, both seasonally and 
within areas. Usually, the variation in composition due to origin of the milk 
(area, breed, feed, etc.) is greater than the variation due to changes associated 
with season (temperature feed, stage of lactation, etc.). The exceptions are 
total soluble phosphorus, soluble inorganic phosphorus, soluble organic phos- 
phorus, citric acid, and magnesium. With these five constituents, seasonal changes 
have a greater significance than area changes. This would imply that these 
constituents might well be implicated with the seasonal variations in milk that 
result ‘1 processing difficulties or defective dairy products. 
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COMPARATIVE ACCURACY OF THE PLASTIC BEAD METHOD OF 
GOLDING AND THE LACTOMETER METHOD OF WATSON FOR 
ROUTINE DETERMINATION OF SOLIDS-NOT-FAT IN MILK? 


R. E. ERB, L. J. MANUS, ann U. S. ASHWORTH 
Department of Dairy Science, Washington State University, Pullman 


SUMMARY 


The plastic bead method of Golding was evaluated as a rapid test for solids-not-fat 
in the milk of individual cows. Ten plastic beads each varying 1 mg. in density in the 
range of 1.025 to 1.034 are placed in a 4-oz. sample jar fitted with a plastic grid and a 
metal serew-cap. Milk is sampled directly into the sample jar and after the fat has been 
liquefied by heating to 104° F. and holding for 5 min., the test is made by counting the 
number of sinking beads at 68° F. A formula for converting the number of sinking beads 
to per cent SNF was calculated, using 1,873 milk samples from Guernsey, Holstein, and 
Jersey cows of 53 herds. This formula is: per cent SNF = 9.13 — 0.279 B + 0.307% 
F where B is the number of plastic beads sinking at 68° F. and per cent F is the 
percentage fat in the milk. In a second experiment, plastic beads and the lactometer 
of Watson were compared, using gravimetric assays for reference. On 300 milk samples 
from six breeds the standard deviation from regression was 0.17% SNF for the lactometer 
and 0.18% SNF for the plastic beads. The plastic bead method is sufficiently accurate 
for the routine testing of milk of individual cows for per cent SNF. The method is simple 
and rapid and requires no more milk than is routinely sampled for DHIA testing. 





A rapid and practical solids-not-fat (SNF) test for cow’s milk has four 
major uses. These are: (a) for purposes of selective breeding, since SNF level 
in cow’s milk is heritable (11, 15, 18, 20, 22); (b) pricing of milk on its total 
composition ; (c) rapid determination of solids in certain manufacturing proc- 
esses; and (d) sereening samples of milk for possible water adulteration, so 
that the suspected ones may be further tested by the cryoscope (14). 

Hydrometrie techniques have been extensively investigated over a period 
of years. Many types of instruments, conditions of testing, and sources ot milk 
have been used. As a result, many different formulae for conversion of density 
readings to SNF have been developed. Several excellent comprehensive reviews 
of techniques and formulae available are referred to by Watson (22). 

The lactometer method used for 50 yr. has become the most common method 
for determining the density of milk (13) and its errors and inaccuracies have 
been carefully tabulated (16). The use of these instruments of various types 
has not been extensive, as might be expected, because of fragility, sensitivity 
to temperature changes, time required for testing large numbers of samples, and 
the quantity of milk required. Recently, Watson developed a lactometer which 
has been tested for accuracy for determining total solids (12, 22). This par- 
ticular instrument requires about 8 oz. of milk for a density determination. A 
smaller instrument requiring about 4 oz. of milk has been developed and is 
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considered sufficiently accurate for the testing of individual cows’ milk for 
purposes of selective breeding (11). 

In 1957, Golding (6) first reported the development of an ingenious method 
for rapidly determining SNF with plastic density beads. These have subsequently 
been referred to as density beads (7), plastic hydrometers (8), and subsurface 
hydrometers (4). Polymethylstyrene (CYMAC 400) was selected after exten- 
sively testing many plastics (6). Certain qualities of CYMAC 400 made it 
especially suitable. It is constant in density when annealed, practically the same 
as water in coefficient of thermal expansion between 66 and 76° F., easy to mold 
into the required shape by pressure injection, and completely insoluble in water, 
milk, and detergents (6). It has a density of 1.023 which changes only slightly 
on annealing (6). The plastic is brought to the desired density by mixing with 
fine barium sulfate and the desired insoluble color (6). Each colored bead, 
5/16 in. in diameter, varies in density by 1 mg. per milliliter at 68° F. The 
lowest density bead has a specific gravity of 1.025 and the highest 1.034, making 
a total of ten beads, each of a different color (6). A set of these is placed in a 
4-oz. sample jar fitted with a snap-in plastic grid and a white lacquered screw-cap 
(6-8). Each bead represents a density of one lactometer reading between temper- 
atures of 68 to 76° F. 

Preliminary field testing of the density plastic beads involving bulk herd 
milks and individual cows in the University herd indicated that this simple 
instrument offered exceptional promise as a routine procedure for testing SNF 
(8). It also became evident from early field trials that the British Standards 
formula (3), as used in preliminary studies (7, 8), was not entirely suitable for 
converting plastic bead assays to SNF when milk from individual cows was used. 
The purpose of this experiment was twofold, namely: (a) To develop an average 
conversion formula based on milk samples from many cows in different herds 
under variable environments; (b) to compare the relative accuracy of the plastic 
beads and the lactometer, using the gravimetric assay for reference values. 


EXPERIMENTAL METHODS 


Source of milk. Milk samples were taken during July and August, 1959, by 
DHIA supervisors, using 4-0z. sample jars containing the plastic beads (7). The 
53 cooperator herds involved in Experiment I represented Guernsey, Holstein, 
and Jersey breeds. In Experiment II, 1 pt. of milk from 45 to 52 cows from 
each of six breeds was sampled by our laboratory technicians. Approximately 
750 different Golding plastic bead hydrometers (7, 8) were used during the 
experiments. 

Measurements. All measurements were made at the same time in our labora- 
tories and each was a single assay. The Babcock method was used for determin- 
ing fat percentage and recorded to the nearest 0.1%. Total solids, measured 
gravimetrically (2), served as reference values for SNF by subtracting the per- 
centage of fat. The number of Golding plastic beads sinking at 68° F. was 
recorded for all samples. Protein was determined on about two-thirds of the 
samples from Experiment I, using dye binding (1, 19). In addition to the tests 
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listed for Experiment I, Watson lactometer (22) determinations were made on 
samples in Experiment II. 

Experiment I. The milk was brought to 104° F. and held for 5 min. During 
this time thorough mixing was done. The temperature of the milk was lowered to 
68° F. and the number of plastic beads sinking was recorded. Occasionally, one 
bead near the exact density of the milk remained in the middle, as determined 
by checking the number floating. When this happened a slight rotary mixing 
often resulted in the bead either rising or sinking. In any case the number 
actualiy sinking was recorded. Immediately following, the milk was sampled 
for fat, gravimetric total solids (2), and protein assay (1, 19). 

Experiment II, The procedure was similar to Experiment I, except that the 
milk was tempered in 1-pt. bottles and the lactometer reading taken at 102° F. 
before transferring a portion to the plastic bead sample jars. 

Statistical procedures as outlined by Snedecor (17) in Chapters 6 and 13 
were used. 

RESULTS AND DISCUSSION 

Experiment I. Multiple regression formulae for estimating SNF from the 
number of plastic beads sinking was determined for the Guernsey, Holstein, 
and Jersey breeds (Table 1). 

















TABLE 1 
Multiple regression formulae for estimating SNF from plastic beads 
Estimated SNF = a@ — DB + b% F* 
a bB b % F* 
Breed Herds Samples 95% int.” 95% int.” 95% int.” 
(No.) (%) 
Guernsey 18 457 9.17 0.002 0.274 0.013 0.293 0.022 
Holstein 21 917 9.12 0.002 0.279 0.006 0.313 0.011 
Jersey 14 499 9.27 0.004 0.277 0.008 0.286 0.011 


Total 53 1,873 9.13 0.002 0.279 0.006 0.307 0.008 





*ais the constant; b is the partial regression; B is the number of beads sir king; per cent 
F is the percentage fat in the milk. 
» (Standard error) (t.05n). 


The partial regressions for gravimetric SNF on numbers of plastic beads 
sinking independent of percentage fat are essentially constant for the three 
breeds. The partial regressions for gravimetric SNF on fat percentage inde- 
pendent of plastic beads sinking show more variability. The Jersey regression 
is lower than the Holstein’s or total (Table 1). However, with either one or 
ten beads sinking, the fat percentage would have to be as low as 2% or as high 
as 10% before the conversion error would exceed 0.11% when formulae for each 
breed are compared with the formula for total samples. Extremes of this kind 
would occur only rarely and then generally not consistently for the same cow. 
It is concluded that one formula is adequate for these three breeds. 

The plastic bead values were converted to estimated SNF. The averages for 
this study, as shown in Table 2, indicate no serious bias for breeds. Plastic bead 
SNF differed from gravimetric SNF by more than 0.2% in 25% of the 1,873 
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TABLE 2 
Percentages of SN, fat, and protein in the milk used for Experiment I 
% SNF 
Gravimetric Plastic beads % Fat % Protein 
Breed Samples 2 ~ x a* F a Samples <«z af 
(No.) (%) (No.) —(%) 
Guernsey 457 8.99 0.44 8.99 0.41 4.68 0.79 328 3.40 0.38 
Holstein 917 8.50 0.46 8.50 0.42 3.62 0.50 658 3.05 0.26 
Jersey 499 9.36 0.42 9.33 0.38 5.33 0.87 402 3.82 0.34 
Total 1,873 8.84 0.58 8.84 0.54 4.33 1.00 1,388 3.36 0.46 








* Standard deviation. 


samples. There was little difference between the three breeds (Guernseys 24%, 
Jerseys 26%, and Holsteins 25%). Jerseys were estimated low more frequently 
than high at a ratio of 3.2. 

Waite (21) has found that casein is the factor primarily influencing the 
accuracy of SNF determined by density measurements, a high ratio of casein to 
lactose leading to low per cent SNF. Since lactose is less variable between breeds 
than protein (9), one would predict that on an average the three-breed con- 
version formula would tend to estimate SNF too low for those samples high in 
protein. This is likely the reason why a few more Jersey samples were estimated 
low in SNF as compared with the number estimated too high. The importance of 
considering per cent protein in the milk sample was evaluated from a four-factor 
multiple regression analysis. The partial regression coefficient for gravimetric 
SNF on per cent protein, independent of number of beads sinking and per cent 
fat, was + 0.107. Thus, a variation of 1% in protein above or below the mean 
would, on an average, offset the estimated per cent SNF 0.107%. 

The average protein for cows in this study was 3.36%. For a lactation period 
few cows average below 2.8% or higher than 4.2%. Percentage protein may 
exceed five at the first test period in early lactation and lactose is lowest when 
protein is highest (9). On a lactation basis it is unlikely that a conversion error 
of more than + 0.1% SNF would occur. For application to mass testing of cows 
on DHIA the consideration of per cent protein in a SNF conversion formula is 


TABLE 3 


The average SNF and standard deviations (s) as estimated by the 
gravimetric, lactometer, and plastic bead methods 




















Gravimetric Lactometer Plastic beads 
Breed Samples x 8 = 8 x 8 
(No.) (% SNF) 
Ayrshire 50 8.77 0.47 8.74 0.44 8.77 0.49 
Brown Swiss 52 9.01 0.49 9.04 0.38 9.07 0.39 
Guernsey 51 8.86 0.37 8.98 0.33 8.96 0.36 
Holstein 52 8.56 0.41 8.60 0.38 8.55 0.36 
Jersey 50 9.52 0.41 9.64 0.40 9.69 0.43 
Milking Short- 

horns 45 8.57 0.52 8.51 0.47 8.56 0.51 


Total 300 8.89 0.55 8.92 0.55 8.94 0.57 
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impractical unless such conversion is done with electronic computers. In this 
ease the suggested formula is: 


SNF = 9.13 — 0.279 B + 0.30% F + [0.107 (% P — 3.36) ] 


where B is the number of sinking plastic beads, per cent F is per cent fat, per cent 
P is per cent protein, and 3.36 is the average per cent protein (Table 2). Through 
programming for electronic computation, per cent protein can be considered 
when known. 

Experiment II. The plastic bead formula developed in Experiment I was used 
to compare its accuracy against the lactometer (22) and gravimetric assays for 
SNF. Table 3 shows that the average per cent SNF by each of the methods was 
similar for each of the breeds, except for Guernseys. For this breed, average 
SNF for gravimetric assay was 8.86%, with 95% confidence limits from 8.75 to 
8.97%. The upper limit exceeds the 8.96% SNF average for plastic beads, but 
misses the 8.98% SNF average for lactometer estimates. 

Data from a covariance analysis show no essential difference in accuracy 
between lactometer and plastic bead SNF as compared with the gravimetric 
assay. The standard deviation from regression for the 300 samples (d.f. = 298) 
was 0.17% SNF for the lactometer (22) and 0.18% SNF for the plastie beads. 
The difference in slope of the regression coefficients, as determined from the 
ratios between the variance for regression coefficients and the within breeds 
variance was different at the 10% level of probability for lactometer vs. gravi- 
metric SNF and at the 5% level for plastic beads vs. gravimetric SNF. The 
regressions for Brown Swiss (Table 4) are different from the rest (P < 0.05) 
for both the lactometer and plastic bead methods compared with the gravimetric 
assay. For this breed the lactometer and plastic bead SNF varied from gravi- 
metric in a similar direction. 

The results of Experiment II show there is no difference in relative accuracy 
between the lactometer (22) and plastic bead SNF when comparisons are made 
against single gravimetric assays. 
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AN IMPROVED PROCEDURE FOR THE DETERMINATION 
OF MILK PROTEINS BY DYE BINDING? 


U. S. ASHWORTH, RUPERT SEALS,’ anp R. E. ERB 
Department of Dairy Science, Washingten State University, Pullman 


SUMMARY 


The precision of the Orange G dye binding method has been increased by a new 
method for measuring the concentration of dye not bound by the milk proteins. The 
results of 345 comparisons of protein determined by the new method with that deter- 
mined by the macro-Kjeldahl showed a correlation coefficient of .98, with a standard 
deviation from regression of 0.078% protein. When the protein contents of the milk from 
individual cows of six different breeds were determined by the two methods, covariance 
analysis showed no significant breed difference. From 224 duplicate determinations it was 
observed that 19 out of every 20 single determii.iions fell within 0.06% protein of the 
average for duplicate readings. 

Large variations in the amounts of butterfat and lactose were found to be without 
effect on the protein values determined by dye binding. The only preservative found 
suitable for use in raw milk at room temperature was mercuric chloride. The mixture of 
1.5 ml. of milk with 25 ml. of dye solution was stable for 2 wk. at room temperature. 





The need for a rapid routine method for the determination of milk proteins 
has become increasingly evident as more emphasis is placed on the importance of 
the nonfat milk solids. Udy (7) first applied the dye binding procedure to the 
determination of flour proteins. Later, he applied the same procedure to the 
determination of milk proteins with our cooperation (8). The dye used was 
Orange G, a disulphonie acid type, which binds the basic groups of proteins 
maintained at a pH of about 2. 

Schober and Hetzel (3) have described a similar method using another dye, 
amino black 10B. Both dyes form insoluble dye-protein complexes. The precipi- 
tate formed by the dye and the milk protein can be removed by filtering or centri- 
fuging. The optical density of the supernatant liquid is then read in a spectro- 
photometer. The German workers investigated several factors affecting the test. 
They found that above pH 3.5 the precipitation of the milk protein was not quan- 
titative. The optical density of the supernatant increased slightly with tempera- 
ture in the range of 0-40° C. Lower optical densities were secured when the pH of 
the citrate-phosphate was decreased from 2.8 to 1.9. This means that more dye 
was bound by the protein at the lower pH values. The dye was precipitated from 
filtrates of milk treated with trichloracetic acid, indicating that some nonprotein 
nitrogen was bound. When free amino acids were added, however, only arginine 
changed the optical density when added at levels as high as 1%. The addition of 
peptones and higher peptides caused a significant decrease in the optical density. 
A doubling of the amount of lactose in milk did not affect the amount of dye 
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bound, but the addition of 1% calcium chloride caused a 25% decrease in the 
optical density of the supernatant. 

Steinholtz (5) confirmed the practicality of the Schober and Hetzel pro- 
cedure (3). From 64 samples preserved with mercuric chloride and 62 unpre- 
served herd milk samples, the correlation between Kjeldahl protein and optical 
density of the supernatant dye solution was — 0.982 for the preserved and — 0.975 
for the unpreserved samples. The calculated confidence interval at the 95% level 
was 0.12% protein within the range of 2.8 to 4% total protein. Comparatively, 
the correlation for formol titration was 0.895 and 0.614 when protein was caleu- 
lated from fat content. 

Recently, Treece et al. (6) found a correlation coefficient of 0.98 between the 
method of Udy (8) and the Kjeldahl method. They also state that seldom did a 
sample vary as much as + 0.1 pereentage unit from the Kjeldahl value and 
aproximately two-thirds of the samples fell within + 0.05 percentage units of 
the corresponding Kjeldahl value. 

In a preliminary report (1), it was shown that the method of Udy (8) was 
practical, although the amount of dye bound per unit weight by the different 
milk proteins varied greatly. The present paper describes an improved procedure 
which has given the dye binding method the same precision as the macro-Kjeldahl 
method. 

EXPERIMENTAL PROCEDURE 


Apparatus and reagent. 


(a) Beckman Model B Spectrophotometer with special test tube holder com- 
partment, or similar instrument. 

(b) Flow-through cuvette to fit the test tube holder. The one developed by 
us (1) consists of a U-tube arrangement (Figure 1), so that the sample flows 
downward through the absorbance section, then upward and out of the instrument. 
The constricted part of the U-tube has a light path of approximately 0.75 mm. 
The design is such that the capacity of the U-tube is about 5 ml., which allows 
for rapid rinsing out of one sample by the next. Tubing must be large enough to 
prevent accumulation of air bubbles in the system. Each cuvette should be stand- 
ardized as described under ‘‘Standard Curve.”’ 

(¢) Hypodermie syringe, 2-ml. size.* 

(d) Automatic saline dispenser * which allows adjustment of the size of the 
sample delivered to 1.500 + .003 ml. 

(e) Automatic pipette, size 25.00 ml., for delivery of the dye reagent. 

(f) 50-ml. Erlenmeyer flasks or similar containers for mixing dye and milk 
samples. These can also be used for collecting the filtrate and are convenient 
for pouring it through the cuvette. 

(g) Medium density filter paper. Size 11 em. S & S No. 597 paper is 
satisfactory. - 

(h) Reagent. The certified Orange G dye (C. I. No. 27) should assay at least 
95%. The reagent is prepared by dissolving exactly 1.000 g. of the dye, corrected 


* Becton Dickinson & Co., Rutherford, N.J. 
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Fig. 1. The flow-through cuvette. Light path constricted to 0.75 mm. 


for its assay, in a solution containing 21.0 g. of citric acid and 2.5 ml. of a 10% 
thymol sclution in alcohol (used as a preservative). The final volume is made up 
to 1,000 ml. When dye binding capacities are to be measured, it is desirable to 
reerystallize the dye from hot 90% ethanol, then dry to constant weight. A 
standard curve relating dye concentration to spectrophotometric absorbance can 
then be plotted. Maximum absorbance values are secured at a wave length of 
0.475 pw. 


Method. 

For milk the syringe is first calibrated to deliver 1.500 + .003 ml. by weighing 
several samples of distilled water delivered from the syringe. The milk samples 
are then measured into 50-ml. containers and 25 ml. of the dye reagent added. 
The mixture is stoppered and shaken for about 15 sec. and allowed to stand for 
30 min. before filtering through a 11-cem. filter paper. 

The spectrophotometer is adjusted to a wave length of 0.475 ». A stand- 
ard dye solution containing 0.500 mg. per milliliter is prepared by diluting 50 
ml. of the reagent dye solution to 100 ml. This solution is used to standardize 
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the instrument. After rinsing out the flow-through cuvette with about 25 ml. of 
the 1:2 dye solution, the slit width is opened until the absorbance decreases to 
0.500 with the sensitivity set at one (or zero at sensitivity of 2). This method of 
standardization allows for maximum precision in the useful range of dye con- 
centration which is 0.4-0.6 mg. per milliliter. It is based upon the principle of 
relative absorbance described by Hiskey et al. (2). The filtrates prepared from the 
milk and dye reaction can then be poured through the cuvette and the absorb- 
ance values recorded. The per cent protein is read from a standard curve pre- 
pared for milk (see below). 

Pouring at least 20 ml. of the filtrate through the cuvette rinses out the 
previous sample, giving a constant reading for the new one. The dye reagent is 
stable indefinitely. The milk and dye mixture can be stored 2 wk. at room 
temperature with no change in the dye binding results. 


Standard curve. 


A series of fresh milk samples provides a direct means for standardizing 
the dye binding procedure. Each sample is run by the macro-Kjeldahl method 
and the per cent total nitrogen multiplied by 6.38, which is commonly used to 
convert nitrogen to protein. The same samples are then run by the dye binding 
procedure. After the protein dye complex is removed by filtration the light absorb- 
ance of the filtrate is measured and plotted against the per cent protein found by 
the Kjeldahl method. Linear regression equations such as those shown in Table 1 


TABLE 1 


Relationship between Kjeldahl protein and absorbance readings 
(dye binding) for milk from different breeds 











Per cent Dye binding formulae * 

protein 
Breed N Kjeldahl a bX sb” Correlation ‘ 
Ayrshire 50 3.43 §.68 — 3.17X 0.069 0.99 
M. Shorthorn 45 3.23 §.85 — 3.33X 0.064 0.99 
Brown Swiss 52 3.56 §.76 — 3.23% 0.062 0.99 
Jersey 72 3.98 5.56 — 3.02X 0.123 0.92 
Guernsey 76 3.53 5.57 — 3.01X 0.087 0.97 
Holstein 50 3.25 5.75 — 3.24X 0.120 0.97 
Total 345 3.53 5.60 — 3.05X 0.031 0.98 

Common 3394 5.68 — 3.16X 0.037 0.97 





“a is the constant, b is the regression coefticient, and X is the absorbance reading at 0.475 wu. 
» Standard deviation of the regression coefficient. 

* Kjeldahl protein compared with dye bound protein, calculated using the common formula. 
“Degrees of freedom or N-6. 


are then caleulated. This method gives a direct comparison of the two methods, 
and the standard error of estimate is a measure of the precision of the dye 
binding procedure, assuming that the Kjeldahl protein values are the correct 
ones. Results to be reported were compared in this manner. . 

A convenient method for constructing the standard curve consists of carefully 
weighing samples of a standard milk powder, adding 1.5 ml. of water to each 
sample, and completing the dye binding procedure. From the known protein 
content of the powder a protein percentage can be calculated for each sample. 
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These values are then used to construct the curve. Since it has been established 
that the curve is linear within the useful range, two points only are required, 
one equivalent to about 30 mg. of protein and the other equivalent to about 60 mg. 
of protein. 


Dye binding capacity. 


Another means of standardizing the procedure lies in the calculation of the 
dye binding capacity (DBC) of the milk proteins. The DBC is defined as the 
milligrams of dye bound per milligram of protein (N X 6.38). This constant 
assumes a stoichiometric reaction between dye and protein, which is true within 
certain limits to be discussed. 

The cuvette is first standardized by reading the absorbance of several known 
dilutions of a standard dye solution and constructing a curve such as A or B 
in Figure 2. The instrument has been standardized by adjusting the absorbance 
to read 0.500 with a dye dilution containing exactly 0.500 mg. of pure dye per 
milliliter. Curve A assumes a linear response of absorbance to dye concentration, 
which is true within the range of 0.4 to 0.6 mg. of dye per milliliter. For precise 
work over an extended range one should plot dye concentration against measured 
absorbance at frequent points. Curve B was plotted from such an experiment. 
Curve A and B diverge increasingly at points above a dye concentration of 
0.6 mg/ml. 

The lower limit of dye concentration which can be read from either Curve A 
or B is about 0.33 mg. per milliliter. This fact insures that an excess of dye is 
always present. Udy (8) has stated that the concentration of unbound dye should 
not ‘‘drop appreciably below 0.5 g. per L.’’ Those who wish to measure dye con- 
centrations below 0.33 mg. per milliliter can do so by setting the instrument at an 
absorbance of 1.00 with a dye solution containing 0.500 mg/ml. (Figure 2), Curve 
C. The curve marked D was constructed by first setting the instrument at zero 
absorbance with water. 

The concentration of dye not bound by the protein is read from the dye 
standard curve. This value multiplied by the total volume (sample + dye volume) 
gives the total amount of dye left unbound in milligrams. The bound dye is 
found by subtracting this amount from the total amount of dye added (25.00 
mg.). The difference is the amount of dye bound by the protein in the sample. 
The DBC is then calculated as the ratio of dye bound over protein (N X 6.38). 
When this ratio is known, its reciprocal can be used as a factor for multiplying 
the amount of dye bound by an unknown sample to find the amount of protein 
present. The results to be discussed show that when the protein content of the 
sample is above 60 mg. the DBC decreases with increasing protein. 


RESULTS AND DISCUSSION 


Fresh milk samples. 


To test the reproducibility and precision of the method, a large number of 
samples from individual cows were collected and analyzed for protein by both 
the macro-Kjeldahl and dye binding methods, using single determinations. Six 
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Fig. 2. Standard curves for measuring the concentration of unbound dye. Curve A— 
spectrophotometer set at an absorbance of 0.500 with dye concentration of ,0.500 mg. per milli- 
liter and assuming linear relation between absorbance and dye concentration. Curve B—same 
as A, except that it shows nonlinearity in the higher range of dye concentration. Curve C— 
spectrophotometer set at an absorbance of 1.00 with dye concentration of 0.500 mg/ml. Curve 
D—spectrophotometer set at zero with zero dye concentration. 
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different breeds of dairy cows were compared. Linear regression of the protein 
values determined by the Kjeldahl method against the absorbance readings of 
the unbound dye found in the filtrate was made. 

The results are shown in Table 1, together with their statistical constants. 
By covariance analysis the breeds did not differ significantly in slope or elevation 
of the regressions. For the common regression equation (Table 1), per cent 
protein = 5.68 minus 3.16 Y, the sample standard error of the regression coeffi- 
cient is 0.037. The sample standard deviation from regression is 0.078% protein. 
The standard error of per cent protein estimated near the mean is 0.004% and is 
four times greater when protein in the milk exceeds 4.5%. The correlations be- 
tween Kjeldahl per cent protein and per cent protein from dye binding, as caleu- 
lated from the common formula, are also shown in Table 1. The correlation of 
0.98 for all samples is identical to the results of Treece et al. (6). Jerseys showed 
the lowest correlation (r = 0.92) of the six breeds. Since Jerseys had the highest 
average per cent protein, this coincides with the greater error observed for samples 
high in protein. 

Most likely, these variations are reflections of differences in the DBC of the 
different proteins in the milk of individual cows. A previous publication (1) has 
shown that the different protein fractions of milk vary in their capacity to bind 
the dye. Whey proteins bind more dye per unit weight than casein. The dialyzable 
nitrogen compounds (nonprotein nitrogen) bind none of the dye. The fact that 
the nitrogen distribution in normal milk is relatively constant accounts for the 
similar regression coefficients shown in Table 1. 


Repeatability of the method. 


During the study, duplicate dye binding determinations were made on 224 
samples of milk from Ayrshires, Guernseys, Holsteins, and Jerseys. The correla- 
tions between duplicates varied from a low of 0.992 for Jerseys to a high of 
0.997 for Holsteins. The accuracy of a single dye binding determination in 95% 
of the samples was within 0.67% protein of what the duplicate readings would 
have given. From an applied standpoint there appears no necessity for duplicate 
readings, once a technician has mastered the method. 


Dye binding capacity and total protein. 


Emphasis should be placed upon the fact that the relation between the protein 
eontent of the milk and the amount of dye bound is empirical. Figure 3 shows that 
less dye is bound per unit weight of protein when the amount of protein is 
increased above the normal range of values found in 1.5 ml. of milk. Curve A 
shown in Figure 3 was secured by weighing amounts of a nonfat milk powder 
(150-420 mg.) to give the calculated amounts of protein shown along the abscissa. 
These samples of powder were shaken with 25.00 ml. of the dye solution. The 
absorbance of the filtrate was determined after standardizing the instrument so 
that a 0.500 mg/ml standard dye solution read 1.000 instead of 0.500. This 
procedure allowed lower concentrations of dye to be measured (see Figure 2, 
Curve C). When the instrument was standardized in the normal manner, the 
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Fig. 3. Relation between the amount of dye bound per unit weight of protein (DBC) and 
the amount of protein in the sample. Curve A—for increasing amounts of protein from the 
same source. B—mean values for individual cows’ milk, grouped according to protein content 
(data from Table 1). 


arrow at 85 mg. of protein (Figure 3) marks the upper limit of protein which 
could be measured. Similar curves were prepared for several different milk 
powders, as well as samples of isolated milk proteins (casein, whey protein). All 
curves showed the same downward trend, which can be explained by assuming 
that all dye binding sites on the prot: .» molecule do not have the same affinity 
for the dye. When the protein content uf the sample fell between 40 and 70 mg. 
no significant change in the DBC was apparent. 

Curve B shows the results of caleulating the mean DBC for three points on 
the common regression line shown in Table 1. The first point included 36 samples 
below 3.0% protein (mean 2.74%). The second point included 249 samples 
between 3.0 and 4.0% protein (mean 3.53%). The third point included 60 
samples above 4.0% protein (mean «.23%). A possible explanation for the 
slight increase in DBC, as the total protein increases for these milks from indi- 
vidual cows, may lie in the distribution of the nitrogen. As previously mentioned, 
whey proteins have a higher DBC than casein. Nitrogen distribution data on 
these samples were not available. 


Dye binding of nonprotein components of milk. 


Udy (8) had stated that the only milk constituents which bind the dye are 
the proteins, since an extrapolated straight line relating protein percentage: and 
the concentration of unbound dye ran through the point of zero per cent protein 
and the original dye concentration. This assumption is not safe because of the 
extended extrapolation. 

Several findings in the present experiment tend to confirm Udy’s (8) assump- 
tion: (a) DBC values for whole milk powder and nonfat milk powder from the 
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same lots of whole milk are the same; (b) 1 ml. of butterfat from which the curd 
had been removed by washing with hot water bound no measurable amount of 
dye; (c) when 0.5 ml. of the butterfat was added to 1 ml. of skimmilk containing 
35.0 mg. of protein (N X 6.38), the dye binding procedure showed 34.8 mg. of 
protein; and (d) increasing amounts of lactose up to as much as 85 mg. could be 
added to 65 mg. of pure casein sol in a 2-ml. volume without affecting the DBC 
of the casein (4). 

Additional proof that the dye binding of protein is independent of the fat 
content was secured by comparing the fat content of the milk samples shown in 
Table 1 with the error of the dye binding method. This error was calculated as 
the difference between results for protein found by the macro-Kjeldahl procedure 
and resujts secured by the dye binding procedure. There was no relationship 
between the size of the error and the per cent fat in the milk. 


Use of preservatives. 


The influence of several preservatives on the dye binding results has been 
investigated. As might be expected, low temperature storage proved to be the 
best means of preserving the milk samples. Hydrogen peroxide has been used 
routinely in this laboratory as an additional precaution. Two drops of 15% 
H2Os per 100 ml. of milk had no effect on the percentage protein found. At room 
temperature this preservative was effective for not more than two days. 

The use of formaldehyde lowered the percentage of protein when the milk 
was stored at room temperature. The extent of the lowering depended not only 
on the amount of formaldehyde added but also on the length of storage and the 
temperature. Two drops of 38% HCHO solution added to 100 ml. of milk lowered 
the per cent protein by about 0.2% after 1 wk. of storage at room temperature (a 
5% loss of protein). 

A loss of protein was noted also when 125 mg. of potassium dichromate was 
used per 100 ml. of milk. At first, higher protein values were found. After 1 wk. 
of storage at room temperature the preserved samples were lower than the controls 
stored in the refrigerator. 

Mercurie chloride appears to be the best preservative to use for room tempera- 
ture storage ; 135 mg. of reagent grade HgCle preserved 100 ml. of milk for 1 wk., 
with a loss of about 0.1% protein. Controls stored just above freezing showed 
about the same loss of protein as measured by dye binding after 1 wk. of storage. 
Steinholtz (5) used this preservative with success also. 

Several antibiotics were tried and none proved satisfactory as a preservative 
for more than a few days. In general, the measured amount of protein remained 
fairly constant until coagulation occurred. 
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STUDIES ON MILK POWDERS. IV. THE FOAM AND SEDIMENT 
FRACTIONS OF RECONSTITUTED WHOLE MILK! 


E. R. SAMUELS, A. COFFIN, J. P. JULIEN, anp B. E. BAKER 
Department of Agreiultural Chemistry 
Maedonald College of MeGill University, Quebec, Canada 


SUMMARY 


Whole milk powder was reconstituted and the resultant whole milk was passed through 
a 200-mesh sieve. This treatment removed virtually all the foam or seum from the surface 
of the milk. The milk was then centrifuged. The insoluble material (foam fraction) 
which remained on the sieve, and the insoluble material (sediment fraction) which was 
recovered by centrifugation, were washed with water and freeze-dried. The dried foam 
fraction contained about 50% more fat than did the sediment fraction. Melting point and 
iodine value determinations on the ether-extractable portions of the foam and sediment 
indicated that the fat of the sediment contained a higher proportion of unsaturated fatty 
acids than did the fat of the foam. Results of electrophoretic analyses of the ether-insoluble 
portions of the foam and sediment indicated that the major protein constituent of the 
sediment was beta-lactoglobulin, and that of the foam was casein. 





Reconstituted whole milk usually contains insoluble material. Some of this 
insoluble material may be observed as a scum at the surface and as a sediment 
which deposits upon low-speed centrifugation of the milk. Wilster, Schreiter, 
and Tracey (13) investigated some factors which may affect the formation of seum 
on the surface of reconstituted whole milk. They found that certain conditions of 
manufacture, such as the homogenization of the milk prior to drying and avoid- 
ance of overheating of the powder in the drying chamber, tended to reduce scum 
formation. 

Waite and White (11) concluded from their studies on three fractions obtained 
by the centrifugation of reconstituted whole milk, that when considerable insolu- 
bility exists, the protein is carried into the fat layer and the fat into the sediment 
layer in quantities directly related to the degree of insolubility of the milk 
powder. 

Litman and Ashworth (7) have shown that considerable seum formed on milk 
powder stored at 85° F., but that little seum formed when the powder was held 
at 45° F. Seum seemed to be related to the initial free-fat content of the powder. 
It was suggested that the development of scum is the result of formation of a fat- 
protein complex involving free-fat and unstable protein, with possible involvement 
of calcium. Fat isolated from seum had a higher melting point and was more 
saturated than the fat that remained in the seum-free fraction of the milk. 

Julien and Baker (6) studied the composition of insoluble material in recon- 
stituted whole milk. They observed that the foam fraction which collected at the 
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surface of the milk contained more than twice as much butterfat as did the sedi- 
ment which was recovered by low-speed centrifugation. Measurement of fat 
indices of the ether extracts of the two fractions showed that their fat composition 
was different. 

The foam or seum which may be observed on the surface of reconstituted whole 
milk, and which coats the sides of containers, gives the milk a displeasing 
appearance. The present work was undertaken in the hope that more precise 
information concerning the composition of this material would suggest changes 
in the conditions of manufacture of whole milk powder, which would prevent scum 
formation in the reconstituted milk. 


MATERIALS AND METHODS 


Freshly prepared commercial whole milk powder was vacuum-packed and 
stored at 25° C. for 2 wk. The method of manufacture of the milk powder 
was as follows: Whole milk was standardized at 3.3% butterfat and was 
then preheated at 200-210° C. by means of a flash plate heater. The milk was 
condensed to 40% solids in a triple-effect vacuum pan and was then spray-dried 
in a Rodger’s Spray Drier. The milk powder (butterfat 28.0% ; moisture 1.5%), 
after storage for 2 wk., had a solubility index (ADMTI) of 0.1. 

Free fatty acids. A mixture of 1 g. of fat and 10 ml. of neutral ethanol 
was heated to boiling and quickly titrated with 0.1 N sodium hydroxide. 

Saponification number. After titration of the free fatty acids, potassium 
hydroxide was added to the flask and the mixture was refluxed for 30 min., then 
cooled. The soap solution was titrated to the phenolphthalein end point with 
0.5 N hydrochloric acid. 

Volatile water-soluble fatty acids. The soap solution which was obtained from 
the saponification number determination was diluted to 100 ml., and 10 ml. of 
this solution was transferred to a distillation flask recommended by Friedmann 
(5), along with 50% sulfuric acid. The mixture was steam-distilled and the dis- 
tillate was filtered and then titrated to the phenolphthaleia end point with 0.01 
N sodium hydroxide. 

Determination of fatty acids. The samples were interesterified with methanol 
and were then gas-chromatographed by means of a butanediol succinic acid 
column (6 ft.) and a diethylene glycol succinic acid column (4 ft.). The columns 
were operated at 200° C. and at a flow (helium) rate of 120 ce. per minute. 

Isolation of foam and sediment fractions. Twenty pounds of powder were 
reconstituted in 13-g. lots according to the A.D.M.I. Method for the determination 
of solubility index, and the milk was passed through a 200-mesh sieve. This 
removed virtually all of the foam. After the passage of each 500-ml. portion of 
reconstituted milk through the sieve, the sieve was back-washed with 400 ml. of 
water and the resulting mixture was stirred for a few minutes and then allowed 
to stand overnight at 5° C. The floating layer was collected from the surface by 
means of a spatula. The sediment fraction which was investigated was that 
obtained by the A.D.M.I. method for the determination of solubility index. The 
floating layer (foam) and sediment fraction, which were obtained from 20 lb. of 
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milk powder, were freeze-dried and then stored over phosphorus pentoxide in 
vacuo. The yields of foam and sediment were 3.1 and 5.0 g., respectively, per 
kilogram of powder. The two materials were analyzed for free fat (by extraction 
with ethyl ether in a Soxhlet fat extractor for 18 hr.) and for ash (by heating the 
sample in a porcelain crucible at 550° C. for 5 hr.). The following determinations 
were carried out in duplicate on the free fat as weil as on a sample of butter oil 
prepared from the same milk as had been used to prepare the powder: Melting 
point, free fatty acid, saponification number, iodine value (1), and volatile water- 
soluble fatty acids. The following determinations were carried out on the non- 
extractable portions of the foam and of the sediment: Nitrogen (1), ash, fat by 
the Roese-Gottlieb method (1), carbohydrate by the method of Reynolds et al. 
(9), and moisture (1). The ash obtained by ignition of the nonextractable 
portions of the foam and of the sediment was analyzed for calcium by the standard 
ammonium oxalate method (1), for phosphorus by the method of Dickman and 
Bray (4), and for potassium by flame photometry (3). The nitrogen distributions 
of the nonextractable portions of the foam and of the sediment were determined 
according to the method of Shahani and Sommer (10). 


RESULTS AND DISCUSSION 


The results reported in Table 1 show that the fat content of both fractions 
(foam, sediment) was much higher than the fat content of the original powder 
(28%). The sediment contained about the same amount of fat as the scum 


7 


fraction described by Litman and Ashworth (7), and somewhat more than half as 











TABLE 1 
Composition of foam and sediment fractions 
Foam Sediment 
Determination fraction fraction Butterfat 
solids solids 

Ether-extractable (%) 79.7 52.5 
Saponification No. 226 215 235 
Free fatty acids (expressed 

as oleic acid) (%) 0.56 0.54 0.42 
Iodine No. 40.6 46.4 35.0 
Volatile water-soluble 

fatty acid 37.8 38.5 31.0 
Melting range (° C.) 29-35 15-30 33-35 
Nonextractable (%) 21.7 47.5 
Total nitrogen (%) 9.78 11.6 
Protein (N X 6.38) (%) 62.4 74.5 
Noneasein + nondenatured 

whey protein N 4.57 3.20 
Proteose peptone + NPN 4.39 2.96 
NPN 1.10 0.57 
Globulin N 0.94 1.04 
Casein + denatured whey 

protein N (by diff.) 5.21 8.47 
Fat (Roese-Gottlieb) (%) 4.2 5.0 
Carbohydrate (%) 14.2 3.4 
Moisture (%) 8.2 8.2 
Ash (%) 6.9 7.0 
Caleium (% of ash) 27.5 34.2 
Potassium (% of ash) 7.29 1.25 
Phosphorus (% of ash) 19.8 21.5 
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much fat as the foam fraction described in the present paper. The saponification 
number of the foam-fat and the sediment-fat are both lower than that of butterfat 
of the powder. The higher proportion of unsaturated fatty acids and of low 
molecular weight fatty acids (Table 2) in the sediment-fat would account for 
the lower melting range of this material. 

The results of the determinations of nitrogen distribution show that the ether- 
insoluble portion of the foam contained more proteose-peptone nitrogen than did 
the ether-insoluble portion of the sediment. The higher proteose-peptone nitrogen 
and nonprotein nitrogen may have been due to the fact that the sediment was 
washed more thoroughly than the foam. The higher carbohydrate content of the 
ether-insoluble portion of the foam may be explicable on the same grounds. 

It was of interest to know whether the casein and denatured whey protein 
fractions of the foam and sediment wer similar in composition. To check this 
point, the two products (ether-insoluble portions of foam and sediment) were 
dissolved in 0.1 N sodium hydroxide. Zone electrophoresis (8) was performed 
on each of the two solutions, as well as on a sample of Warner casein (12) 
and beta-lactoglobulin (Bovine, 3 X, Nutritional Biochemicals, Cleveland 28, 
Ohio). Photographs of the electropherograms are shown in Figure 1. The two 


WHOL BETA= 
CASEIN FOAM LACTOGLOBULIN SEDIMENT 








Fig. 1. Electrophoretic analysis of foam and sediment fractions. 


deeply stained bands which appeared on the electropherograms of the foam pro- 
tein behaved electrophoretically in the same way as alpha- and beta-casein. The 
single deeply stained band which appeared on the electropherogram of the sedi- 
ment behaved in the same way as the beta-lactoglobulin. These results provide 
evidence that the main protein component of the foam fraction is casein and that 
the major protein component of the sediment fraction is beta-lactoglobulin. 
3aker et al. (2) fractionated butter oil to obtain products melting at 19-21, 
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22-24, and 28-30° C. and prepared agglomerated milk powders, each containing 
one of the fat fractions. It has been observed in the course of the present work 
that seum was not present on the milk reconstituted from the powder that con- 
tained the low-melting fraction (19-21° C.). This would suggest that the higher- 


melting triglycerides play an important role in scum formation. 
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SUMMARY 


Sixteen male Holstein calves previously raised to 63 days of age on a limited whole 
milk, limited starter, and ad libitum chopped alfalfa hay ration were fed a vitamin 
A depletion ration until their plasma vitamin A averaged 8.3 + 2.2 y per 100 ml. Each 
ealf was then fed for a 16-wk. period one of four carotene intakes, 16 or 24 y per pound 
ot live weight per day, to provide marked increases in cerebrospinal fluid pressure, 32 y, 
to provide slight elevation in pressure, or 40 y, to provide no elevation. Terminal cerebro- 
spinal fluid pressure decreased with increasing intakes of carotene, apparent intraocular 
(seleral) pressure exhibited no consistent change, and plasma and liver concentrations 
of carotenoids and vitamin A increased. Of the biochemical constituents studied, no trends 
with carotene intake were observed for serum, and only potassium of cerebrospinal fluid 
decreased slightly; whereas, for aqueous humor, sodium was higher in the calves fed the 
16-, 24-, and 32-y carotene intakes, potassium increased with an increase in carotene 
intake, chloride decreased, and osmotic pressure was greater in calves fed the 16-, 24-, 
and 32-y carotene intakes than in those fed the 40-y intake. These results do not directly 
explain the increased cerebrospinal fluid pressure or change in aqueous humor composi- 
tion occurring in vitamin A deficiency. However, the data pertaining to cerebrospinal 
fluid suggest either an overproduction or underabsorption of fluid (without change in the 
concentration of the constituents in serum or cerebrospinal fluid), resulting in greater 
volume within the restricted subarachnoid space and ventricles of the central nervous 
system. 





The specific metabolic function of vitamin A at the molecular level, aside from 
its role in vision, has so far eluded the efforts of many investigators, T. Moore (32). 
Although definite changes in certain epithelial tissues, bones, and teeth are 
observed in avitaminosis A, Follis (19), little is known as to the role of vitamin A 
in preventing or alleviating these changes. Since the initial studies of L. A. 
Moore and J. F. Sykes (30, 31), it has become increasingly evident that the first 
measurable change which occurs in experimentally produced vitamin A deficiency 
in the calf (33), chick (40), rabbit (28), and pig (38) is an increase in the cere- 
brospinal fluid pressure, rather than the classical changes cited above. 
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Davson (10) has stated that both cerebrospinal fluid and aqueous humor are 
formed by mechanisms that have a great deal in common. He also gave evidence 
of the positive association between cerebrospinal fluid pressure and retinal venous 
pressure, and discussed the possible elevation of intraocular pressure due to 
increased venous retinal pressure. At the initiation of this project in the spring 
of 1958, no reports were found in the literature by the authors of intraocular 
pressure measurements on vitamin A deficient animals. However, such had been 
suggested by Moore and Sykes (30), as well as by McLaren (26). Subsequently, 
in a pilot study (12) at this station with four pairs of calves, the vitamin A 
deficient calves of each pair were observed to average 3.4 mm. of Hg greater in 
intraocular pressure, measured in the scleral region, than the vitamin A adequate 
calves. 

The cause(s) of increased cerebrospinal fluid pressure in vitamin A deficient 
animals is not known. One possible explanation is that the increased pressure is 
due to faulty and excessive bone growth, particnlar!y of the skull bones which 
results in constriction of and eventual severing of the optic nerve (6). However, 
this does not seem tenable, for in mature cows fed a ration deficient in vitamin A 
(29) papilledema is present, which is preceded or accompanied by increased 
cerebrospinal fluid pressure, but not blindness due to constriction of the optic 
nerve. Also, the rather rapid decrease in cerebrospinal fluid pressures in vitamin 
A deficient animals (21, 27,38), upon subsequent administration of vitamin A, 
strongly suggests that bone growth per se is not a causative factor of the increased 
pressure. Another explanation is that the increased cerebrospinal fluid pressure 
is due to an overproduction of the fluid by the choroid plexus, Millen and Dickson 
(27), and/or an obstruction at the sites of absorption of the fluid, both causing 
greater volume of fluid in the relatively restricted subarachnoid space and 
ventricles of the central nervous system. However, little has been accomplished 
in vigorously testing these hypotheses, because data with respect to the measure- 
ment of formation and absorption of cerebrospinal fluid are extremely difficult 
to interpret (35, 41). 

Overproduction and/or underabsorption of cerebrospinal fluid as discussed 
above does not necessitate a concomitant change(s) in the concentration of con- 
stituents of cerebrospinal fluid or in blood. If there is sufficient change in the 
concentration of the constituents of blood such that its osmotic pressure de- 
creases, then it would be anticipated that this change would be accompanied by 
increased cerebrospinal fluid pressure, Davson (10), due to the transfer of water 
across the blood-cerebrospinal barrier. While the present authors were unable 
to find literature with respect to both blood and cerebrospinal fluid composition of 
vitamin A deficient animals, some reports have been made with respect to blood. 
Moore and Sykes (31) in 1941 stated that ‘‘colloidal osmotic pressure measure- 
ments of blood plasma and various blood and urine analysis have not shown any 
abnormality which could be related to the raised pressure.’’ Madsen and Earle 
(25), in an extensive study of field and experimental cases of hypovitaminosis A 
of beef cattle, reported in 1947 decreases in plasma albumin concentration, in- 
creases in total plasma globulin due primarily to marked increases in plasma 
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fibrinogen, and slight decreases in serum calcium and inorganic phosphorous. 
Caleulations indicated that the decrease in the colloid osmotic pressure of the 
plasma due to the decrease in albumin was largely offset by the increase in the 
other protein fractions. More recently, Erwin et al. (16) found a decreased per- 
centage of albumin in vitamin A deficiency of steers and in one pair of identical- 
twin Holstein heifers (17) which was largely alleviated upon administration of 
earotene in the first study and vitamin A in the second. In the aforementioned 
pilot study conducted at this station (12), slight increases in total serum protein 
attributable primarily to the gamma-globulin fraction, were observed in the 
deficient calves. Also, cerebrospinal fluid total protein increased, but inappre- 
ciable change occurred in concentrations of sodium, potassium, inorganic phos- 
phorous and calcium and osmotic pressure as determined by eryoscopy. 

The primary objective of the present study was to determine several bio- 
chemical constituents in serum, cerebrospinal fluid, and aqueous humor of 
Holstein calves fed graded levels of carotene so as to produce marked, slight, 
and no increases in cerebrospinal pressure; secondly, to determine the possible 
effects of varying carotene intakes on intraocular pressure and, finally, to as- 
certain possible association between physiological changes and changes in bio- 
chemical constituents. 

EXPERIMENTAL PROCEDURE 


Animals and feeding. Sixteen, one-day-old male Holstein calves obtained 
during the period August-October, 1958, from various state institution herds, 
were brought to the research barn and placed in individual tie stalls. Upon 
arrival each ealf received orally 1-500 mg. oblet of chlortetracycline (Lederle’s 
Aureomycin) and one gelatin capsule containing 100,000 U.S.P. units of vitamin 
A (Nopeay ‘‘250’’, Type M containing 250,000 U.S.P. units per gram). If the 
ealf had not nursed, it received 4.0 lb. of colostrum from a frozen colostrum bank 
for two successive feedings. Each calf was then raised to approximately its 63rd 
day of age on a limited whole milk, limited vitamin A depletion grain, and 
ad libitum chopped alfalfa hay ration as previously described (15), except that 
artificially dehydrated alfalfa was added to the depletion grain at the rate of 
5 lb. to 100 lb. of depletion grain so as to provide sufficient dietary carotene. 

On approximately the 64th day of age, each calf received a vitamin A de- 
pletion ration, two-thirds depletion grain and one-third dried beet pulp, such 
that an increase in live weight of 10 lb. per week would be anticipated. When 
the blood plasma vitamin A concentration, based on blood samples taken at 
successive seven-day periods, had decreased to equal to or less than 12.0 y per 
100 ml., each calf was fed, after the next seven-day period, one of four carotene 
intakes, 16, 24, 32, or 40 y per pound of live weight per day from artificially 
dehydrated alfalfa meal. The 16- and 24-y levels of carotene intake were chosen 
on the basis of previous data (33) to provide insufficient carotene resulting in 
increases in cerebrospinal fluid pressure, 32 y to supply slightly above borderline 
intake resulting in inappreciable increases in cerebrospinal fluid pressure, and 
40 y to provide ample carotene intake. Assignment of the calves to their respective 
carotene intakes was random in blocks of four calves each, with the first four 
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to arrive at the research barn comprising the first block, and so forth. Average 
age at the beginning of the carotene supplementation period was 78 days, with a 
standard deviation of four. Upon completion of 16 consecutive seven-day periods 
of supplementation with carotene, each calf was slaughtered. 

Procedures followed in caleulation of alfalfa to be fed to furnish the in- 
dicated carotene intake, mixing of the alfalfa into the vitamin A depletion 
ration, and treatment for scours were identical to those previously reported (33). 
Average daily minimum and maximum temperatures during carotene supple- 
mentation were 56.1 and 62.6° F., with their respective standard errors 0.2 and 
0.2. Average artificial light intensity to which the calves were exposed from 
6 aM. to 6 p.m. daily, during supplementation with carotene and measured 
approximately at a height of 4 ft. in the center of each stall, was 7.9 + 0.7 
foot-candles. 

Observations. With the exception of the artificially dehydrated alfalf:. meal, 
all feeds fed and refused were weighed to the nearest 0.1 lb. Artificially de- 
hydrated alfalfa was weighed to the nearest 0.1 g. Live weights were taken at 
successive seven-day periods throughout the experiment and linear growth meas- 
urements at the beginning and termination of supplementation with carotene. 

Thirty-milliliter blood samples were obtained by jugular puncture at suc- 
cessive seven-day periods during vitamin A depletion, the period immediately 
prior to carotene supplementation, and during 28-day periods thereafter for 
plasma carotenoid and vitamin A analyses. On the fourth day prior to slaughter, 
60 ml. of blood was withdrawn for preparation of serum for subsequent analyses 
for protein and minerals and for measurement of osmotic pressure by cryoscopy. 

Cerebrospinal fluid pressures, in millimeters of saline, were measured ten days 
prior to slaughter by puncture of the subarachnoid space through the dorsal 
opening in the atlanto-occipital articulation, with an 18-gauge, 90-mm. length 
(to the base of the hub) spinal (Quincke) stainless steel needle. The needle 
was connected to a saline (0.85 g. NaCl/100 ml.) manometer by polyethylene 
tubing, both 2.0-mm. bore, and the pressures measured according to procedures 
as outlined by Sykes and Moore (39). Three days prior to slaughter another 
cerebrospinal puncture was made and approximately 40 to 60 ml. of fluid was 
removed with a glass syringe for subsequent analyses. 

Apparent intraocular pressures four days prior to carotene supplementation 
and five days prior to slaughter were recorded by restraining the calf on a 
table. The eyelids were then held open and a topical anaesthetic, approximately 
1 ml. of a 1.0% solution of cocaine hydrochloride, applied directly on the eyeball. 
An electronic tonometer (Model OP-9037, V. Mueller and Co.) with a 5.5-gram 
plunger in the tonometer head was used to record the intraocular pressure. All 
readings were made in the scleral region adjacent to the cornea. 

Electrocardiograms were taken the week prior to slaughter after clipping 
both forelegs and the left hind leg, above the knees and hock, respectively, and 
placing the calf in a wood metabolism crate. The three standard limb leads 
(14) were secured after electrode paste had been applied. The calf was allowed to 
remain in the crate, with electrodes attached, until calm, and the electrocardio- 
gram was then recorded, using a Sanborn Viso-Cardiette, Model 51. 
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At slaughter, both eyes were immediately removed, taken to the laboratory, 
and the aqueous humor obtained by puncture of the cornea with a sealpel, and 
the fluid from both combined for immediate analyses for protein, minerals, and 
osmotic pressure measurements. The eyes were fixed in formalin and subsequently 
examined for the presence or absence of papillary edema. The liver was removed, 
ground, sampled, and the samples were held at 0° F. for subsequent carotenoid 
and vitamin A analyses. 

Analyses. Samples of all feeds fed were analyzed for proximate constitu- 
ents at 4-wk. periods by A.O.A.C. methods (4), Table 1. The artificially de- 
hydrated alfalfa meal was analyzed for carotene periodically during the course 
of the experiment by the A.O.A.C. procedure (4), which employed extraction 
overnight at room temperature instead of Soxhlet extraction. 

Carotenoids and vitamin A concentrations in the plasma were determined by 
the Kimble procedure (23) and in the liver by a modification of the Gallup- 
Hoefer method (8). 

Protein fractionation of serum and cerebrospinal fluid was carried out with 
a Spinco (Model R, Series D) paper electrophoresis system, using a barbiturate 
buffer consisting of 2.76 g. diethylbarbituric acid, 15.45 g. sodium barbital, 
and 2.0 ml. ‘‘Sterox’’ per 1,000 ml. (13), pH 8.6, and ionic strength 0.075, and 
employing a current of 5 ma. for 16 hr., all procedures essentially as described 
by Block, Durrum, and Zweig (7). The rapid bromphenol blue procedure (7) 
was used in dyeing the proteins and a Spinco Analytrol (Model RB) was used 
in quantitation. Prior to protein fractionation of cerebrospinal fluid, between 
15 and 30 ml. were dialyzed against polyvinylpyrrolidone (Plasdone, commer- 
cial, General Aniline and Film Corp., N. Y.) as deseribed by Lemmen et al. 
(24). Upon completion of dialysis, the bottom portion of the dialysis sack was 
washed with 250 pl. of the barbiturate buffer and 12 to 20 yl. of this applied 
to the filter paper strips. The amount applied to the filter paper strips was 
determined by consideration of the total protein concentration of cerebrospinal 
fluid and of serum, so that approximately equivalent amounts of protein from 
both sources were used in their respective electrophoretic separations. Total 
protein concentration of serum, cerebrospinal fluid, and aqueous humor was de- 
termined by the biuret reaction, Gornall et al. (20). 

The calcium content of serum and cerebrospinal fluid was determined by 
flame photometry (11), the inorganic phosphorous concentration of serum, 
cerebrospinal fluid, and aqueous humor determined by the Fiske and Subbarow 
method (18), and sodium and potassium contents of the same three body fluids 
by flame photometry (2). Chloride contents were determined colorimetrically 
by the procedures of Barney and Bertolacini (5). 

Osmotic pressure of serum, cerebrospinal fluid, and aqueous humor was de- 
termined, using a Model D, Fiske Osmometer (3). By definition, one milliosmol 
is equivalent to a freezing point depression of 0.00186° C. 

Statistical procedures as set forth by Cochran and Cox (9) and Snedecor 
(37) were used. The analysis of variance consisted of isolating variability due 
to blocks of calves, among carotene intakes and remainder (error). Prior to the 
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start of the experiment, the among carotene intakes variability was further 
subdivided into two sets of single degree of freedom orthogonal contrasts as 
follows: linear, quadratic, and cubic trends of response on carotene intake, 
between the 40-y intake and the 16- plus 24- plus 32-y intakes, and the linear and 
quadratic responses on the 16-, 24-, and 32-y carotene intakes. The reasoning which 
led to these comparisons was that a trend in the responses might exist across 
all carotene intakes or, possibly, exist only in the three lowest carotene intake 
responses in which slight to markedly increased cerebrospinal fluid pressures 
were anticipated, based on past experience (33). The transformation of the liver 
vitamin A concentrations to logarithms and the functional form of the responses 
of both plasma vitamin A and the logarithm of liver vitamin A concentrations 
on log carotene intake have been dealt with previously (34). A physical injury 
resulted in the inability of one calf, in the fourth block fed the 16-y carotene 
intake, to adduct its left hind limb and subsequently caused atrophy of the muscles 
of the affected limb. Another calf, in the fourth block fed the 40-y carotene 
intake, threw and injured itself while a cerebrospinal puncture was made. Sub- 
sequent punctures resulted in only cloudy cerebrospinal fluid being obtained. 
In the case of the first-mentioned calf, missing values were caleulated (9) for 
all criteria and in the case of the second, cerebrospinal fluid and aqueous humor 
constituents criteria. 
RESULTS 


Feed consumption, growth, and health. In general, calves readily consumed 
their vitamin A depletion ration allowance, but there was a slight tendency for 
increased feed refusals with decreasing carotene intakes from the 40- to the 16-y 
level. This was evidenced by a significant (P < 0.05) negative linear trend in 
the transformed percentage of per cent days consuming vitamin A depletion 
ration allowance values, as presented in Table 2. 

Growth of the calves was inappreciably affected by carotene intake. The 
average values prior to carotene supplementation were for live weight 184 Ib., 
height at withers 34.2 in., heart girth 36.7 in., and girth of paunch 43.5 in., with 
their respective standard deviations being 16, 0.7, 1.2, and 1.8. Increases during 
the 16-wk. carotene supplementation period with standard deviations were, 
respectively, live weight 227 and 8, height at withers 7.4 and 0.9, heart girth 
12.3 and 0.9, and girth of paunch 15.6 and 2.3. 

There were no particular health problems encountered during the course of 
the experiment, with the exception of the two calves previously mentioned in the 
last portion of the Experimental section. Per cent days free from scours during 
carotene supplementation averaged 99.7. These percentage values showed no trend 
with carotene intake which was confirmed upon analysis of variance of the 
per cent days free from scours after applying the are sin transformation. Since 
the occurrence of scours was never accompanied by rectal temperatures equal to 
or greater than 103° F., no calves required treatment for scours. 

Cerebrospinal fluid and intraocular (scleral) pressures, papillary edema, elec- 
trocardiograms, carotenoid and vitamin A concentrations. As the carotene intake 
was decreased from 40- to the 16-y level, cerebrospinal fluid pressures increased, 
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TABLE 2 
Effect of carotene intake on feed consumption, cerebrospinal and intraocular 
(seleral) pressures, and carotenoid ana vitamin A 
concentrations of Holstein male calves 














Carotene intake (7/lb live weight/day)* Standard 
—_—____~-— — — ——— deviation 
16 24 32 40 per calf 





Av. per cent days consuming 
ration allowance 97.9(83)”  99.6(88)  100.0(90) 99.8(89) — (4) 
Terminal cerebrospinal fluid 
pressure (mm. saline) 
Actual 72 175 131 44 _ 
Log 2.21 2.24 2.10 1.64 0.12 
Apparent intraocular (scleral) 
pressure (mm. Hg) 


Initial 21.2 17.0 20.5 19.5 3.6 
Terminal 23.4 24.8 22.6 23.1 3.7 
Terminal papillary edema 
(No. of calves) 2 3 2 0 i 
Plasma earotenoids (7/100 ml.) 
Initial 18 17 18 13 8 
Terminal 18 24 32 28 + 
Plasma vitamin A (7/100 ml.) 
Initial 10.5 7.6 8.1 7.0 2.2 
Terminal 8.0 8.1 11.4 13.4 1.7 
Liver 
Weight (g.) 2,699 2,694 3,024 2,898 195 
Carotenoids (7/100 g.) 
Actual 21 37 41 46 - 
Log 1.36 1.56 1.61 1.65 0.09 
Vitamin A (7/100 g.) 
Actual 11 34 65 77 —_ 
Log 1.05 1.49 1.77 1.84 0.23 





“ Values represent four calves per carotene intake group, except that the 16 y group repre- 
sents three calves, plus calculated missing value according to procedures for a randomized 
block design (9). 

»Are sin V Y , where Y equals per cent days consuming vitamin A depletion ration 
allowance. 


Table 2. Since the variances of the cerebrospinal fluid pressures for a particu- 
lar carotene intake group increased as the magnitude of the average pressure 
for the group increased, these values were transformed to logarithms. When thus 
expressed, the log of the cerebrospinal fluid pressure in millimeters of saline de- 
creased 1.271 + 0.017 units per log of carotene intake per pound of live weight 
per day, the simple correlation, r, between these two variables being 0.86. 

Apparent intraocular pressures, Table 2, measured in the scleral region, were 
slightly higher for those calves receiving the 16- to 32-y carotene intakes than 
those receiving the 40-y carotene intake, 23.6 versus 23.1 mm. Hg. However, 
the difference between the two was small compared with the standard deviations 
per calf (calf plus measurement variability), so that the difference was not 
statistically significant. The average apparent intraocular pressure increased 
by 4.0 mm. Hg (23.5 minus 19.5) from the start of carotene supplementation to 
its termination, 16 wk. later. 





638 B. A, DEHORITY ET AL 


The volume of aqueous humor from both eyes averaged for all calves 2.7 ml., 
with a standard deviation of 0.1. Level of carotene intake had inappreciable 
effect on this criterion. 


Some of the calves in each group fed either the 16-, 24-, or 32-y carotene 
intake exhibited papillary edema at the termination of 16 wk. of carotene supple- 
mentation (Table 2) ; whereas, none occurred in the group fed the 40-y carotene 


intake. 

Electrocardiographic intervals, in seconds, using the data from Lead II 
tracings obtained during the second week from termination of carotene supple- 
mentation, were unaffected by carotene intake. The average values for the PR 
interval with its standard deviation were, respectively, 0.17 and 0.02, for the 
QRS interval 0.06 and 0.01, and for the QT interval 0.31 and 0.03. Similar 
values for the systolic index, the ratio of the QT intervals to the square root 
of the time in seconds for a complete cardiae cycle (1), were 0.40 and 0.03. 
Average heart rate in beats per minute during electrocardiographie measure- 
ments was 98 and its standard deviation ten, and this criterion was also unaf- 
fected by carotene intake. 

As might have been expected, carotenoid and vitamin A concentration of both 
plasma and liver, Table 2, increased with carotene intake. Plasma vitamin A in- 
creased 14 + 3 y per 100 ml. for each log unit increase in carotene intake and, 
similarly, the log of the liver vitamin A increased 0.72 + 0.15. The simple cor- 
relations between the respective response variables and log carotene intake were 
0.91 and 0.41. 

Serum constituents. The various biochemical constituents determined in 
serum, Table 3, exhibited no particular or consistent trends with change of 
carotene intake. 

Cerebrospinal fluid constituents. Most of the biochemical constituents de- 
termined in cerebrospinal fluid showed little change with changes in carotene 
intake, Table 4. There was a tendency for those calves fed the lowest level of 
carotene, 16 y, to have somewhat higher concentrations of total protein and 
albumin, which was also reflected in the distribution of the proteins (per cent 
values, Herdan’s value as well as the albumin/globulin ratio). None of these 
differences, however, approached statistical significance. The only constituent 
to show a consistent change was potassium, which decreased only slightly in a 
linear manner (P < 0.05) with an increase of carotene intake. 

It should be pointed out here that the errors expressed as standard deviation 
per calf (calf plus biochemical measurement variability) for cerebrospinal fluid 
were, in relation to their respective experiment means, of considerably greater 
magnitude than those for serum. 

Aqueous humor constituents. In possible contrast to serum and cerebrospinal 
fluid, biochemical constituents of aqueous humor with the exception of total 
protein concentration and inorganic phosphorous, showed significant change with 
change in carotene intake, Table 5. Sodium concentration was on the average 
greater in those calves fed the 16-, 24,- and 32-y carotene intakes than in those fed 
the 40-y intake (P < 0.10). Potassium concentration was less on the 16-, 24-, 
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TABLE 3 
Effect of carotene intake on several biochemical constituents 
in serum of Holstein male calves 


Carotene intake (7/lb live weight/day)* Standard 
—— ee — deviation 
16 > 35 40 per calf 











Protein distribution (av. %) 
Albumin 67.9 
Alpha-globulin 7.0 
Beta-globulin 11.4 
Gamma-globulin 13.8 
Herdan’s value” 1.40 

Protein concentration (g/100 ml.) 

Total 7.52 6.72 
Albumin 5.10 4.67 
Alpha-globulin 0.53 0.51 
Beta-globulin 0.85 0.73 
Gamma-globulin 1.04 0.81 
Albumin/globulin ratio 2.13 2.28 

Caleium (mg/100 ml.) 10.6 10.0 

Inorganic phosphorus (mg/100 ml.) 9.0 9.0 

Sodium (mg/100 ml.) 342 342 

Potassium (mg/100 ml.) 18.1 17.0 

Chloride (mg/100 ml.) 377 391 

Osmotic pressure 300 302 

(mitliosmols/kg of H:0) 





* Values represent four calves per carotene intake group, except that the 16 y group repre- 
sents three calves plus a calculated missing value, according to procedures for a randomized 
block design (9). 

»<« An index of the internal mobility of the mixture of proteins and of the preponderance 
of abnormal constituents in it’’ and ‘‘caleulated as the negative average logarithmic prob- 
ability of the serum constituents’’ (22). 


and 32-y carotene intake groups than in the 40-y (P < 0.05) and, in addition, 
potassium showed a significant positive linear trend with increases in carotene 
intake (P < 0.05). Chloride concentration was higher in those calves on the 
three lowest carotene intakes than in those on the highest intake (P < 0.05), 
and chloride concentration decreased linearly with increases in carotene intake 
(P < 0.10). The changes in these constituents of aqueous humor were accom- 
panied by a greater osmotic pressure of the calves fed the 16-, 24-, and 32-y 
carotene intakes than those calves fed the 40-y carotene intake (P < 0.10). 

The errors, expressed as standard deviation per calf (calf plus biochemical 
measurement variability ), for aqueous humor were, in relation to their respective 
experiment means, of approximately the same magnitude or slightly greater than 
those for cerebrospinal fluid. 


DISCUSSION 


The results of this limited study tentatively suggest that the increased 
cerebrospinal fluid pressure observed in hypovitaminotic A calves is due to an 
overproduction of cerebrospinal fluid, as suggested by Millen and Dickson (27), 
and/or an obstruction to the sites of absorption, resulting in greater volume of 
fluid contained within the relatively fixed subarachnoid space and ventricles 
of the central nervous system. Evidence for this was the lack of consistent 
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TABLE 4 
Effect of carotene intake on several biochemical constituents 
in cerebrospinal fluid of Holstein male calves 





Carotene intake (7/lb live weight/day)* Standard 
PA ois i oleae oobi ia betes ees deviation 
16 2 32 40 per calf 





Protein distribution (av. %) 
Albumin 60.2 54.2 
Alpha-globulin 13.9 18.0 
Beta-globulin 13.4 3.5 15.0 
Gamma-globulin 12.4 2. 12.8 
Herdan’s value” 1.60 j 
Protein concentration (mg/100 ml.) 
Total 44 
Albumin 26 
Alpha-globulin 6 
Beta-globulin 6 
Gamma-globulin 6 é + 
Albumin/globulin ratio 1.52 | 25 1.14 
Caleium (mg/100 ml.) 5.4 5. 5.4 5.4 
Inorganic phosphorus (mg/100 ml.) = 1.7 B 1.9 1.7 
Sodium (mg/100 ml.) 341 342 340 340 
Potassium (mg/100 ml.) 12.9 2.6 12.5 12.4 
Chloride (mg/100 ml.) 22 ‘ 434 430 
Osmotic pressure 294 295 297 295 
(milliosmols/kg of H:0) 
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* Values represent four calves per carotene intake group, except that the 16 and 40 y groups 
each represent three calves plus a calculated missing value, according to procedures for a 
randomized block design (9). 

»<¢ An index of the internal mobility of the mixture of proteins and of the preponderance 
of abnormal constituents in it’’ and ‘‘caleulated as the negative average logarithmic prob- 
ability of the serum constituents’’ (22). 


change with carotene intake of the biochemical constituents determined for serum 
and almost similar findings for cerebrospinal fluid. The one exception for the 
latter was a slight decrease in potassium with an increase in carotene intake. 
Since neither serum nor cerebrospinal fluid exhibited appreciable change in 
hypovitaminosis A, it would seem likely that the tissues involved in the pro- 
duction and absorption of cerebrospinal fluid are probably involved. It is of 


TABLE 5 


Effect of carotene intake on several biochemical constituents 
in aqueous humor of Holstein male calves 





Carotene intake (y/lb live weight/day)* Standard 
eA STS deviation 
16 24 32 40 per calf 





Protein concentration (mg/100 ml.), total 40 3% 48 43 

Inorganic phosphorus (mg/100 ml.) 4.0 J 4.3 4.0 

Sodium (mg/100 ml.) 339 35 359 338 

Potassium (mg/100 ml.) 17.1 ; 17.8 19.1 

Chloride (mg/100 ml.) 456 502 447 410 

Osmotic pressure 306 é 311 302 
(milliosmols/kg of H,O) 








* Values represent four calves per carotene intake group, except that the 16 and 40y groups 
each represent three calves plus a caleulated missing value, according to procedures for a 
randomized block design (9). 
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interest that Moore and Sykes (31) could find no pathological changes of either 
the choroid plexus, probable site of production (10), or arachnoid villi, one of 
the possible sites of absorption (10), in the young bovine fed a vitamin A de- 
ficient ration. If these negative pathological findings are confirmed by further 
research, then other approaches, such as measurement of the rate of formation 
or absorption (which are difficult to interpret) are needed to test the hypothesis 
of overproduction or underabsorption of cerebrospinal fluid in hypovitaminosis A. 

The negative findings of this study with respect to serum may at first in- 
spection appear to contradict those of Madsen and Earle (25), Erwin et al. 
(16, 17), and Dehority et al. (12). Madsen and Earle studied field cases or 
experimentally produced vitamin A deficiency of cattle of prolonged duration, 
usually a year or longer, contrasted to the 16-wk. study reported herein. There- 
fore, duration of feeding low levels of carotene intake could have accounted 
for the differences between the two studies. Erwin et al. fed essentially a 
earotene-free ration to steers for about a 120-day period (16) and to a set of 
identical-twin heifers for a 150-day period (17), in both cases until the animal 
exhibited vitamin A deficiency changes. Thus, these workers were probably 
dealing with terminal vitamin A deficiency in which changes such as anasarea, 
blindness, convulsions, muscular incoordination, ete. are characteristic. In 
contrast, in the study reported herein no such changes were noted. While the 
pilot study reported previously from this station, Dehority et al., was some- 
what similar to the one reported herein, the calves consisted of two pairs of 
Guernsey and two pairs of Holstein males. Guernsey calves fed the 15-y carotene 
intake did not consume their vitamin A depletion ration allowance 68% of the 
time during carotene supplementation and those fed the 60-y carotene intake, 
11%. Holsteins had no ration refusals. Thus, inanition and breed possibly af- 
fected the results, the former being of particular importance in differentiating 
specific and nonspecific deficiency changes, Follis (19). It is recognized that to 
adequately resolve differences among experiments such as cited above, the vari- 
ables mentioned should preferably be studied in a single experiment. 

The absence of any consistent trend in apparent intraocular (scleral) pres- 
sure with increasing carotene intake could have indicated that this criterion is 
not very sensitive as an indicator of hypovitaminosis A. A second consideration 
is that the measurement of apparent intraocular pressure in the scleral region, 
even though the sclera of domestic animals is less resistant to internal pressures 
than in man (36), may not reflect the pressure within the eye. Therefore, this 
measurement may not be comparable to those taken directly or indirectly by 
tonometry in the corneal region. The second consideration appears more likely. 

The rather marked changes occurring in the concentration of some of the 
constituents of aqueous humor, in contrast to no measurable changes in the 
concentration of the constituents of serum and a change only in concentration 
of potassium of the cerebrospinal fluid constituents were of interest. These 
differences may be explained, in part, by considering the relative magnitude of 
dilution accompanying similar changes in the absolute amounts of constituents 
in these three fluids. Why changes in the osmotic pressure and in concentrations 
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of some of the constituents of aqueous humor were accompanied by no increase in 
intraocular pressure, as measured indirectly in the scleral region, requires con- 
firmation either by direct manometry or tonometry in the corneal area. 
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NUTRITIONAL MUSCULAR DYSTROPHY IN CALVES. II. ADDITION 
OF SELENIUM AND TOCOPHEROL TO A BASAL, DYSTROPHOGENIC 
DIET CONTAINING COD-LIVER OIL 


D. C. MAPLESDEN* anp J. K. LOOSLI 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Nutritional muscular dystrophy was produced experimentally in Holstein-Friesian 
calves. The addition of cod-liver oil to the diet caused an intensification of Zenker’s 
degeneration in the muscles of the tocopherol-deficient calves. One p.p.m. of selenium 
added to the basal diet did not prevent muscular dystrophy. The addition of 200 mg. of 
water-dispersible d-alpha-tocopheryl acetate per calf per day completely prevented the 
development of muscular dystrophy in all calves so treated. All calves which were not 
fed tocopherol supplements developed Zenker’s degeneration of the skeletal and tongue 
museles and degeneration of the Purkinje fibers of the heart. Since blood serum mag- 
nesium levels declined progressively in all calves in the experiment, it is possible that 
low blood magnesium levels may work synergistically with low blood tocopherol levels 
to produce Purkinje fiber degeneration. 





In a previous report on nutritional muscular dystrophy in calves (27), the 
clinical aspects of the disease were outlined and the experimental production of 
muscular dystrophy in Holstein-Friesian calves was reported. The addition of 
10% dried brewer’s yeast or 0.85% dicalcium phosphate to the basal dystropho- 
genic diet did not prevent the occurrence of dystrophic lesions. The results of 
these experiments (27) and those of Holter, Smith, and Loosli (20), working 
simultaneously and independently, demonstrated that when a simplified, tocoph- 
erol-deficient diet low in unsaturated fats was fed to calves, a long feeding period 
was required to produce muscular dystrophy. 

A more complete review of the literature is contained in the previous paper 
(27). 

The present experiment was conducted to determine if, by the addition of 
cod-liver oil, the lesions of muscular dystrophy produced with the tocopherol- 
deficient diet would be hastened or intensifiea, and if the addition of selenium 
would prevent Zenker’s degeneration under the given conditions. 

Agduhr and Stenstrom (1), using an electrocardiogram, detected heart lesions 
in calves that had been fed cod-liver oil. Barnes, Davis, and McCay (4), however, 
did not detect changes in the electrocardiogram of calves which were fed good 
or very poor diets to which cod-liver oil was added. Their data tend to discredit 
the conclusions of Agduhr and Stenstrom (1). Workers at Cornell University 
demonstrated that cod-liver oil enhanced the production of muscular dystrophy 
in guinea pigs, rabbits, sheep, and goats (25). Davis and Maynard (15) found 
that calves were more resistant to the dystrophy-producing effects of cod-liver 
oil than were sheep and goats. When they added 0.7 g. of cod-liver oil per kilo- 
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gram of body weight to the diet of sheep and goats, dystrophy was produced in 
90 days. Of six calves fed a level of 0.7 g. of cod-liver oil per kilogram of body 
weight per day, four developed muscular dystrophy, one at 42 days of age and 
the other three at 168 to 182 days of age. Davis, Maynard, and McCay (16) were 
not able to characterize the toxic effect of cod-liver oil. 

Blaxter, Wood, and MacDonald (8) demonstrated that 18 ml. of cod-liver 
oil per day would nullify the action of 50 mg. of dl-alpha-tocopherol per day 
when the latter was used for the prevention of muscular dystrophy in calves. 
While cod-liver oil itself contains tocopherols, the effects of the unsaturated 
fatty acids present nullify the action of the tocopherols present in the cod-liver 
oil, as well as an appreciable quantity of tocopherols that are already present 
in the animal body (11, 30). 

Schwarz (37, 38) showed that dietary liver necrosis in rats could be pre- 
vented by adding cystine and vitamin E to their diets. He also reported that 
dried brewer’s yeast contained an unidentified factor capable of sparing the 
amount of vitamin E required for the prevention of liver necrosis. Schwarz 
ealled the unidentified compound Factor 3. Schwarz and Foltz (39) reported 
that selenium in an organic form is an integral part of Factor 3. Inorganic 
selenium salts, however, were remarkably effective in protecting rats against 
dietary necrotic liver degeneration. Selenium will not, however, replace tocopherol 
for some of the deficiency changes which occur in tocopherol deficiency (13, 14). 

Poultry diseases which were partially or completely prevented by adding 
tocopherol to the diet have also been found to be partially or completely pre- 
vented by adding selenium to the diet (34, 40). 

Recent work with sheep (19, 32, 33) has indicated that a deficiency of selenium 
in the diet of dams is involved in the production of muscular dystrophy in 
lambs. The feeding of 1 p.p.m. of selenium to ewes, whose diets contained less 
than 0.1 p.p.m. selenium, effectively prevented the appearance of dystrophy 
in their lambs. McLean, Thomson, and Claxton (28) reported a growth response 
in six out of nine groups of lambs totalling 730, of different breeding and nu- 
tritional status when selenium was given by drench or injection. 

A report of interest is that of Bunyan, Edwin, and Green (12), which 
demonstrated that trace elements other than selenium will, to some extent, also 
protect rats against dietary necrotic liver degeneration. Broberg (9) empha- 
sized the high incidence of copper and cobalt deficiencies occurring in endemic 
muscular dystrophy areas in Finland. Andersson (2) demonstrated that in 
muscular dystrophy in rabbits, additional iodide in the diet increased the inci- 
dence and severity of Zenker’s degeneration. Blaxter and Sharman (7) found 
hypomagnesemia to be associated with muscular dystrophy of calves in Scotland. 


EXPERIMENTAL PROCEDURE 


Holstein-Friesian male calves were obtained from the Cornell University dairy 
herds. The experiment was begun on November 27, 1958, and concluded on April 
18, 1959. The length of time the individual animals were on the test is shown 
in Table 1. The first four calves received were placed on the basal diet, plus 
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cod-liver oil plus selenium, and the next two were allotted to the basal diet plus 
eod-liver oil and tocopherol, and the following two to the basal diet, plus cod- 
liver oil, tocopherol, and selenium. In addition, one of the selenium-treated 
calves which died was replaced. 

Immediately following birth, the calves were housed in individual pens con- 
taining about 18 sq. ft. of floor space. The pens were divided by partitions 4 ft. 
high. Wood shavings were used as bedding. 

As in the previous experiments (27), the calves were not allowed to suckle 
the dams. For the first two days, skimmed colostrum was fed at the rate of 
5% of body weight per day, divided into two equal feedings. Vitamin A (80,000 
I.U.) and vitamin D (12,000 I.U.) were given in capsule form with the first 
feeding of skimmed colostrum. All of the calves received 30 ml. of cod-liver oil? 
per day with the morning feed. This supplied at least 25,500 I.U. of vitamin A 
and 2,550 I.U. of vitamin D per day. 

The treatment groups were (a) basal diet, (b) basal diet plus selenium 
1 p.p.m., basal diet plus selenium, 1 p.p.m., and tocopherol, 200 I.U. water-dis- 
persible d-alpha-tocopheryl] acetate, and basal diet plus tocopherol, 200 I.U. water- 
dispersible d-alpha-tocopheryl] acetate. 

The basal diet was diluted to 12.5% solids and fed initially at 6% of body 
weight per day; this was increased gradually to 12% of body weight per day. 
The basal diet consisted of: Skimmilk (dried), 70.00; dextrose, 4.875; lard 
(stripped), 25.00; Tween 60, 0.125; mineral mixture, 1.75 ml. per 100 g. of diet. 
The mineral mixture contained in milligrams per milliliter: MnSO, - H.2O, 0.5; 
CuSO, - 5H20, 0.5; CoSO,4, 0.1; Fe( NH4)3(CeHs07)2, 20.0; and MgSOx,, 60.0. 

The procedure for collecting the blood samples and the analytical methods 
employed were the same as in the previous paper (27). Calves were bled before 
being placed on test, at 30-day intervals, and immediately before necropsy. In ad- 
dition, serum magnesium levels were determined by the Titan-yellow method (23). 

The selenium content of the basal diet was determined by activation analysis* 
and the magnesium content of the basal diet was determined using the method 
of Bachra, Daver, and Sobel (3). 

The tocopherol content of the cod-liver oil, shavings, and basal diet was de- 
termined by the method of Bro-Rasmussen and Hjarde (10). 

The skimmilk used in the basal diet, and the basal diet, contained 57.6 and 
161.6 mg. of magnesium per 100 g., respectively. The basal diet contained 0.3 
p.p.m. selenium and 0.03 mg. of alpha plus zeta tocopherols per 100 g. The 
wood shavings contained 0.33 and 0.19 mg. of alpha plus zeta, and other tocoph- 
erols per 100 g., respectively, and the cod-liver oil contained 7.28 mg. of alpha 
tocopherol per 100 g. 

The tocopherol content of the wood shavings was not high. While the calves 
did consume some of these shavings, the fact that the cellulose in wood shavings 


* Nutritional Biochemicals, Cleveland, Ohio. 
*Made by Activation Analysis Group, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 
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TABLE 2 
Mean blood constituents and cell counts 





Treatment groups 
Measure S Se + Vit. E 








Plasma tocopherol (y/100 ml.) 687 
Serum 
Phosphorus (mg/100 ml.) rj 
Caleium (mg/100 ml.) é J 10.9 
Magnesium (mg/100 ml.) d 1.6 
Sodium (meq/l) 144 
Potassium (meq/l) : 5.8 5.5 
Chloride (meq/l) 101 99 
Hemoglobin (9/100 ml.) 11.7 12.2 
White cell count (M/Cmm) 2 10.40 7.04 
Differential cell count (%) 
Lymphocytes 45 61 
Monocytes p 4 2 3 
Granulocytes 51 36 





is relatively unaffected by rumen microorganisms (24, 31) casts doubt as to the 
significance of the tocopherol levels in wood shavings. Whether the tocopherols 
present in wood shavings are absorbed from the rumen is, however, not known. 


RESULTS 


The experimental findings are summarized in Tables 1 and 2. These data 
show that the plasma tocopherol levels were low in all calves fed the basal diet 


or the basal diet plus selenium. In calves receiving tocopherol supplementation, 
however, the blood plasma tocopherol levels were high. Calves given no tocoph- 
erol supplementation averaged 108 y of total tocopherol per 100 ml. of plasma, 
while the calves fed supplementary tocopherol averaged 639 y per 100 ml., a 
highly significant difference (P < 0.01). The statistical analyses on these dis- 
proportionate subclass numbers were based on the method of Snedecor (41) 
for a 2? factorial design. Serum electrolyte values were normal in all cases, with 
the exception of magnesium, which fell as the trial progressed. Calves fed the 
basal diet plus cod-liver oil had serum magnesium levels of 1.5 mg. per 100 ml.; 
the calves fed the basal diet plus cod-liver oil and selenium had serum mg. levels 
of 2.1 mg. per 100 ml.; the calves which were fed supplementary tocopherol and 
selenium had serum mg. levels of 1.6 mg. per 100 ml. ; and the calves supplemented 
with tocopherol had serum mg. levels of 1.4 mg. per 100 ml. These values are low 
in comparison with normal values of 2.0 to 2.5 mg. of mg. per 100 ml. of serum, 
as reported by Huffman et al. (21) and Blaxter, Rook, and MacDonald (6). 
No statistically significant differences between the blood magnesium levels on the 
various diets were obtained. The difference between the initial blood levels of 
magnesium and the final blood levels was highly significant (P < 0.01). 

Hemoglobin levels, white cell counts, and differential counts were within ac- 
cepted normal ranges in all calves and no statistically significant differences were 
found. 

Because of the environmental conditions of dampness and drafts, and be- 
cause the calves were assembled from several farms, white scours (Escherichia 
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coli septicemia) was a problem in these calves. In Table 1 it can be seen that 
in the calves that completed the treatment period, all of those that did not 
receive tocopherol supplementation developed Zenker’s degeneration of the 
skeletal muscles and Purkinje fiber degeneration of the heart. Calves 19 (basal 
diet), 24, 25 (basal diet plus selenium), and 28 (basal diet plus tocopherol) 
died from LE. coli. septicemia. Calf 28, which received tocopherol supplementation, 
died at 30 days of age after a prolonged period of diarrhea. On histologic section, 
this calf showed a mild Zenker’s degeneration of the skeletal muscles. Parrish 
(35) has pointed out that whenever calves were observed to have a severe 
diarrhetice condition, concentrations of serum tocopherols decreased. 


DISCUSSION 


Under the conditions of this experiment the addit‘on of 1 p.p.m. selenium 
did not prevent muscular dystrophy in ealves which were fed a tocopherol- 
deficient basal diet supplemented with 30 ml. of cod-liver oil per day. 

All of the calves which received the basal diet or the basal diet plus 1 p.p.m. 
selenium, at the end of the experimental period, had Zenker’s degeneration of 
the skeletal muscles, and degeneration of the Purkinje fibers of the heart. None 
of the calves which received the tocopherol supplementation had Zenker’s de- 
generation or Purkinje fiber lesions at the conclusion of the experiment. In this 
experiment 1 p.p.m. selenium, when added to the diet, was not able to replace 
tocopherol in the prevention of dystrophy. The basal diet, however, contained 
0.3 p.p.m. selenium. 

The addition of cod-liver oil to the diet produced much more extensive 
dystrophic lesions than had previously been observed in experimental cases (27). 
In these experiments the initial plasma tocopherol values were similar; the 
experiments were conducted during the same time of the year, i.e., late fall and 
winter, and housing conditions were comparable. The calves showed no clinical 
signs of muscular dystrophy, with the exception that Calf 17 was recumbent 
more than the other calves on experiment and held its head slightly to the side 
during the last week. The latter sign was not observed until seven days after 
a biopsy of the semitendinosus muscle was positive for Zenker’s degeneration. 
During the last 2 wk. on test, Calf 17 was drinking 9.1 liters of reconstituted diet 
per day and was gaining 0.64 kg. per day. On necropsy this calf had extremely 
severe Zenker’s degeneration, involving almost all of the skeletal muscles of the 
body. Because calves can be so severely affected with Zenker’s degeneration but 
be eating and growing normally, it is understandable how sudden exercise in 
the spring aggravates or precipitates Zenker’s degeneration. The calves here 
were in small pens and were not allowed out of them except for a few minutes 
during cleaning. 

Serum magnesium levels were low in all calves in the experiment. The first 
samples were within the normal range, but subsequent samples showed a marked 
decline. Magnesium levels in other calves receiving the same diet as these calves 
but not fed cod-liver oil did not show this decline during a 93-day feeding period 
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(26). Dehority et al. (17) found that the addition of cod-liver oil to the diet of 
calves caused a decrease in blood serum magnesium and carotenoids. 

Blaxter, Rook, and MacDonald (6) and Blaxter and Rook (5) estimated the 
requirements of calves to be 16 to 18 mg. of magnesium per 100 ml. of diet. Since 
Blaxter et al. (6) did not state the intake of their diet, direct comparisons with 
the present studies are not possible. On analysis the basal diet fed in the trials 
reported herein contained 20.2 mg. of magnesium per 100 ml. That this level of 
magnesium did not prevent low serum magnesium levels may have been because 
the magnesium was being eliminated as magnesium soaps when combined with 
undigested fat (36). Duncan, Huffman, and Robinson (18) and Huffman e¢ al. 
(21) showed that magnesium salts were not so well utilized as when the magnesium 
was present in natural feeds. Two-thirds of the magnesium in the diet fed herein 
was obtained from magnesium salts. Thomas and Okamoto (48) fed calves whole 
milk at 10 to 12% of body weight and found a decline in blood magnesium levels 
at 48 to 131 days of age. When magnesium in amounts equal to that in milk was 
added as magnesium sulfate, grain, or alfalfa hay, these workers found that the 
magnesium in grain and hay was utilized better than the magnesium in MgSQ,. 
The differences in utilization were not significant and blood serum magnesium 
levels declined on all treatments. 

All of the calves which developed Zenker’s degeneration of the skeletal and 
tongue muscles also showed degeneration of the Purkinje fibers of the heart. These 
findings are more fully described in a separate publication outlining the pathology 
of the experimental cases (22). The report by Moore, Hallman, and Sholl (29), 
describing the pathology of the caives from the experiments on magnesium defi- 
ciency of Duncan, huffman, and Robinson (18), showed that in ten instances 
where portions of Purkinje fibers were present in heart sections, six showed exten- 
sive degenerative changes of these fibers. These workers also found hyaline 
degeneration of the skeletal musculature of the calves and it is likely that a con- 
comitant tocopherol deficiency was also present (6). Blaxter, Rook, and Mac- 
Donald (6) fortified a magnesium-deficient diet with tocopherol. Calves fed this 
diet developed hypomagnesemic tetany, but on necropsy showed no degeneration 
of the Purkinje fibers. 

Since the appearance of clinical signs of muscular dystrophy has not been a 
sufficiently critical criterion for determining the onset of Zenker’s degeneration 
in the experimental calves, more exacting biochemical or other tests must be 
utilized. Such tests as the analysis for the release of serum glutamic oxalacetic 
transaminase during muscular dystrophy (42) are being evaluated as suitable 
criteria. 
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OBSERVATIONS ON THE RUMINAL MICROORGANISMS OF 
ISOLATED AND INOCULATED CALVES 


M. P. BRYANT anp NOLA SMALL’ 


Dairy Cattle Research Branch, Beltsville, Maryland 


SUMMARY 


A study was made of the microorganisms in the rumen of three calves inoculated 
with whole rumen contents from a mature cow, and of two calves maintained in the same 
manner, except that they were not inoculated and were strictly isolated from other rumi- 
nants immediately after birth. Data were compared with data previously obtained on 
normally raised calves. Inoculation of normally raised calves had little effect on the 
time of establishment of predominant culturable bacteria typical of mature cattle, but 
had a considerable effect on the age at which ciliate protozoa became established. 

When calves were isolated from other ruminants to a far greater degree than is 
likely under practical farm conditions, the bacterial flora was modified from normal through 
17 wk. of age, as indicated by bacterial counts, kinds of predominant bacteria cultured, 
and an apparent effect of inoculation on the flora of these animals after they reached 
17 wk. of age. Some groups of typical ruminal bacteria were present. 

Although the number of animals observed was small, it was apparent that the lack 
of a normal microbiological population did not have any drastic effect on the animals’ 
feed consumption, growth, or health through an age of 17 wk. 





Pounden and Hibbs (22, 23, 24) found, by the use of direct microscopic 
observations of rumen contents, that the ciliate protozoa and certain morpho- 


logically distinct bacteria characteristic of mature cattle were often not readily 
established in young calves. This was particularly so when calves were somewhat 
isolated from mature cattle or when high ratios of grain to hay were fed. Inocu- 
lation of calves fed predominantly roughage rations with rumen contents from 
mature cattle hastened the establishment of these microorganisms. Further 
studies by the Ohio workers indicated that certain aspects of ruminal fermenta- 
tion as well as the ruminal flora and fauna could be modified by inoculation 
[see (11) for further references |. 

They found no advantage of inoculation to weight gains (22), nitrogen re- 

tention (10), or other, more direct measures of calf performance (17). Soviet 

2) and Israeli (26) workers reported increased growth rate in calves that re- 
ceived ruminal inoculation. Other workers in this country (1, 16, 21) and 
abroad (18, 25) have been unable to show any advantage of inoculation to calf 
performance. 

The studies indicate that, under most conditions likely to be met, the inocu- 
lation of calves would be of little value. However, the studies of the Ohio group 
indicate that protozoa and certain ruminal bacteria may not be readily estab- 
lished in calves under some conditions. The physiological significance of the 
bacterial groups observed was unknown. In recent years, considerable progress 
has been made in the culture and identification of bacteria that appear to be of 
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functional significance in the rumen of calves (9, 13) and of mature ruminants 
(4). The present work was undertaken to determine if the culturable bacterial 
flora of the rumen of young growing calves could be modified from normal by 
rather strict isolation from other ruminants, and to determine if inoculation of 
calves with fresh ¢uminal contents from a mature animal might accelerate the 
development of the culturable flora typical of mature animals from that previously 
observed in calves raised under normal conditions (9). Microscopie observations 
on ciliate protozoa are included. A preliminary report of this work appeared 
earlier (6). 
METHODS 

The five Jersey calves used, No. 1, 2, 3, 4, and 5, were born on April 26, 
6, June 18, May 10 and 20, respectively. Their birth weights were 64, 65, 56, 
58, and 59 lb., respectively. Calves No. 1 and 4 were males. The diets fed were 
the same as previously reported (9). Animals 4 and 5, the isolated group, were 
removed from the dams as they were born and placed in separate pens, con- 
structed of hog-wire fencing, in a shed with one open side and in which ruminants 
had not been previously housed. The pens were about 12 ft. apart and were 
approximately 100 yd. from a closed isolation barn where a maximum of two 
mature animals were occasionally kept. The closest area where other ruminants 
were routinely maintained was over 600 yd. away. It was not possible to keep 
rodents, birds, or other small animals away from these calves. 

Precautions taken to limit the transfer of microorganisms from other rumi- 
nants to these calves until after 17 wk. of age included the following: Feed and 
equipment for maintaining the calves and collecting weight data were stored 
in the isolation area about 1 mo. before the first calf was brought in, and were 
kept in the area until after calves were over 17 wk. of age. Pasteurized whole 
milk was brought in daily. The calves were handled and fed by only three 
persons, who had little contact with the rest of the herd. Overalls, overshoes, 
and rubber gloves were kept in the area. The gloves were rinsed in 70% alcohol 
and a solution of disinfectant was walked through whenever the animals were 
approached. 

Calves No. 1, 2 and 3, the inoculated group, were handled the same as in 
previous studies (9), except that they were drenched with 100 ml. of whole 
rumen contents within the hour after the inoculum was obtained from a mature 
cow on an alfalfa hay (79% )—grain ration. The drenching was done immediately 
after samples of rumen contents were obtained when the calves were 1, 3, and 
6 wk. of age. 

After the 17-wk. sample was obtained from the youngest isolated calf (No. 5), 
the isolated calves were inoculated with 100 ml. of protozoa-free rumen fluid. 
The rumen fluid was prepared as follows: Contents from the alfalfa hay—grain 
fed animal were filtered through cheese cloth, cooled to 4° C. to slow the motility 


of microorganisms, and centrifuged at 2,500 r.p.m. for 5 min. in 200-ml. bottles. 
The supernatant was carefully decanted. The centrifugation and decantation 
were repeated twice before all entodinia appeared to be absent. The calves were 





656 M. P. BRYANT AND NOLA SMALL 


inoculated immediately after the fluid was prepared and again on two succeeding 
days with aliquots of the same fluid that was stored under COs gas at 4° C. 

The rumen contents of these animals were then sampled on the 7th and 14th 
day after inoculation. They were each inoculated with fresh, whole rumen con- 
tents 17 days later and their rumen contents resampled 11 and 21 days later. 

Sample collection, observations on protozoa, and cultural methods for count- 
ing and isolating bacteria were the same as previously used (9). However, after 
20 well isolated colonies had been picked from the RGCA medium roll tubes 
inoculated with a sample, representative strains of that sample were selected 
for further study on the bases of oxygen relations, HeS production, and cellu- 
lose digestion, in addition to colony type, morphology, gram reaction, and mo- 
tility, as previously done. 

After representative strains were collected from all samples, they were re- 
checked for morphology, motility, and gram reaction and tested for the fol- 
lowing additional characteristics—final pH and appearance of growth in liquid 
glucose medium, gas production from glucose, NH; and indole production, gelatin 
liquefaction, V.P. test, nitrate reduction, starch hydrolysis, and fermentation 
of p-xylose, maltose, and glycerol. All of these characteristics were determined 
by the methods used for gram-negative rods and cocci isolated from anaerobic 
roll tubes in the previous study (9). 

The above characteristics were used to identify presumptively groups of 
ruminal bacteria previously studied in detail (4, 9). A total of 325 strains was 
selected for study from the 37 samples to be reported. Twenty-six of these 
strains failed to grow after storage in the dry ice box and, therefore, could not 
be completely studied. 


RESULTS AND DISCUSSION 


General observations on the calves. It should be emphasized that this study 
was designed to obtain information on the microorganisms of the rumen. The 
work involved necessitated the use of too small a number of animals to measure 
accurately animal responses to the treatments. 

Table 1 shows data on dry feed consumption and weight gains. None of the 
data showed significant differences (5% level) between the isolated and inocu- 
lated groups. Values for TDN per pound of gain, likewise, did not show sig- 
nificant differences. The data do indicate that the isolated calves compared quite 
favorably with the inoculated calves in feed consumption and in weight gains. 


TABLE 1 


Feed consumption, other than milk, and weight gains of the calves 
through 17 wk. of age 





Calf No. Grain Hay Weight gains 





Isolated calves 
152 335 155 
110 210 103 
Inoculated calves 
120 74 73 
145 181 112 
81 153 70 
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Calves varied considerably in the ratios of hay to grain consumed. Calf 1 
consumed more grain than hay for the entire experiment, while the others con- 
sumed more hay than grain after the first 3 to 6 wk. The isolated calves appeared 
to be more pot-bellied. This appearance might have been a reflection of the 
greater intake of hay by these animals. No other differences were noted in the 
general appearance of the two groups. 

In general, pH values (Table 2) showed a more neutral value when calves 
were 1 and 17 wk. of age, but tended to be somewhat acid when calves were 3, 


TABLE 2 


Data on pH values of rumen content samples of isolated 
and inoculated calves 





Isolated calves Inoculated calves : 








Age 
(wk.) 5 


1 * { 6.9 
3 6.1 
6 Be 6.0 
9 B. 5.9 
13 d 6.0 
17 (f 6.4 











6, 9, and 18 wk. of age. The low pH of 5.5 in Calf 2 at 3 wk. of age correlates 
with a large amount of grain consumed (1.9 and 1.7 lb. per day on the day 
before and the day of sampling). This was the first calf placed on experiment. 
Because it was desired to keep the grain consumption at a relatively low figure, 
the animals were limited to 1 lb. of grain mixture to 6 wk. of age, and 2 lb. 
thereafter. The low pH of 4.9 for Animal 4 at 3 wk. of age did not correlate 
with high grain or hay consumption. There appeared to be no significant dif- 
ferences in pH values between the isolated and inoculated calves. However, the 
data suggested a difference in pH values of rumen contents between the two 
isolated calves at 9, 13, and 17 wk. of age. 

Protozoa. As might be expected, the ciliate protozoa did not become estab- 
lished in the isolated calves until they were inoculated with whole rumen contents 
when they were 24 and 21 wk. of age. When observed 11 days after inoculation, 
all groups of protozoa (Table 3) were well established in both calves. 


TABLE 3 


Observations on the occurrence of protozoa in the rumen 
contents of inoculated calves* 


Calf 1 Calf 2 


Ento- Diplo- Holo- Ento- Diplo- Holo- Ento- Diplo- Holo- 
Age dinia dinia_ trichs dinia dinia _ trichs dinia dinia_ trichs 

















+ + - _ ~ ~ 
+ + + - + + 
2 - + + + 





“The rumen contents of isolated calves contained none of these protozoa until inoculated 
with whole rumen contents. 
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It is evident that the protozoa became established in the inoculated calves 
at a very early age (Table 3). Previous results indicated that none of the 
protozoa was established in calves raised in the same barn and on the same 
regime, except that they were not inoculated until some time after 13 wk. of age, 
at which time they were placed in another barn and had direct contact with 
mature animals (9). 

The results suggest that inoculation of calves greatly accelerates the estab- 
lishment of protozoa. This is in agreement with results of other workers, 
indicating that rumen inoculation or close contact with animals harboring the 
protozoa is necessary before they are established |see (12)]. The fact that 
protozoa were established in Calf 2 at a later time than in Calves 1 and 3 sug- 
gests an effect of the large amount of grain consumed by this animal before 
and during the time of inoculation and sampling at 3 wk. of age. Others have 
shown that establishment of ciliate protozoa may be prevented by high grain 
intake (13, 22). 

Bacterial culture counts. Table 4 shows the various culture counts of bacteria. 
There were no significant differences (5% level) between the means of the total 
anaerobic counts (RGCA medium) when isolated and inoculated calves were 
compared on the basis of samples taken at a given age. However, when the 6, 9, 
13, and 17 wk. anaerobic counts were grouped, there was a significant difference 
(5% level) between the isolated and inoculated calves. No significant differences 
in anaerobic counts were found when counts from inoculated or isolated calves 


were compared on the basis of age. However, the inoculated calves showed a 


TABLE 4 


Numbers of bacteria obtained by various culture counts from rumen contents of 
inoculated and isolated calves 





Isolated calves Inoculated calves 








= 9 


Age 5 Mean 1 2 3 





(wk.) RGCA medium (anerobiec count, billions/ml) 
1 3.9 4.0 3.9 
3 8.0 12 10 
6 28.0 18 23 
9 17.0 29 23 
13 14.0 12 13 
17 3.0 15 9 
Cellulose medium (MPN cellulolytic bacteria, millions/ml) 
< .02 < .02 <0.02 j 3.3 < 02 
<0.20 <0.2 <0.2 2¢ <2 13 
7.9 280 144 j 54 5) 
0.68 26 13 ; 24 
2 54 28 35 
540 280 92 


bo 
SH bo Otro 
yorK an _ 


~ 


Lactate medium (millions/ml) 
800 430 130 2.5 550 
1.0 600 450 600 1,700 
2,100 1,100 35 130 12 
120 130 170 55 1.0 
55 68 32 8.5 6.5 
200 110 - 6.0 5. 








sansa * 
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trend toward higher counts at 1 and 3 wk. of age and a lowering through 17 wk. 
The 13 and 17 wk. samples from these calves were in the normal range for mature 
animals on similar rations (5, 9). 

The trend in anaerobic counts with age in these inoculated calves appears to 
differ from counts previously obtained on uninoculated calves (9), in which 
case counts were about the same from 1 through 13 wk. of age and were about 
double those expected in a mature animal. The failure of the counts to rise 
at 3 wk. of age in these animals might be explained by their lower consumption 
of dry feed during that period as compared to the present animals. The fact 
that the present inoculated animals had anaerobic counts typical of mature 
animals, and the previous uninoculated calves had higher counts at 13 wk. of age, 
might be explained by the absence of ciliate protozoa in the latter animals. 
Guiterrez and Davis (15) suggested that ruminal ciliates might affect the num- 
bers of bacteria in the rumen, because most of them have been shown to feed 
on bacteria. Also, the protozoa compete with the bacteria for carbohydrate energy 
sources (20). 

Anaerobic counts of the magnitude found in the isolated calves during the 
6 to 17 wk. period have not been obtained using the present cultural method, 
except in younger calves (Table 4), in animals fed mainly grain mixtures (5, 
and unpublished data on an animal fed a feed-lot, bloat-provoking ration), 
and animals on lush pasture (unpublished data on animals fed blue grass, 
mixed clover, or Ladino clover). In the present case, neither the ration nor 
the age of the animals can explain the counts. It seems possible that the high 
counts reflect the abnormal flora (see below) that might be less efficient per 
culturable cell than the normal flora in utilizing substrates of the feed. It is of 
interest that, though both of these animals tended to have high counts, results 
given below indicate that they contained substantially different predominant 
culturable bacterial species. 

The cellulolytic bacterial counts appeared to be somewhat lower in the isolated 
calves than in the inoculated calves at 1 and 3 wk. of age. From 6 wk. of age 
and on, cellulolytie counts of isolated Calf 5 were similar to counts of inoculated 
calves, which were mainly in the normal range for mature cattle (9). However, 
the cellulolytic counts in isolated Calf 4 were low throughout the 17-wk. period. 
The reason for the very low cellulolytic count in Calf 1 at 9 wk. and Calf 2 at 
3 wk. is not known. It may have been due to the very high ratio of grain to hay 
consumed by these animals on the day of, and the day before, sampling (1.3 lb.: 
0.4 lb. and 3.6 lb.: 0.6 Ib. for Animals 1 and 2, respectively). However, in other 
cases of relatively high grain to hay consumption, cellulolytic counts were not 
depressed. The cellulolytic counts of the inoculated calves of different ages were 
similar to the counts of uninoculated calves (9), except possibly at 3 wk. of age, 
where counts of the latter animals appear to be slightly higher. 

The counts on lactate-fermenters in inoculated calves were essentially the 
same as in the calves previously studied (9). The high count in Animal 1 at 9 
wk. seems to correlate with the low cellulolytic count and higher grain consump- 
tion. The trend in numbers of lactate-fermenters in isolated Calf 4 was similar 
to the other calves, but no definite trend was apparent in isolated Calf 5. 
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Groups of predominant bacteria. Data on the occurrence of the presump- 
tively identified bacteria are shown in Tables 5 and 6. It should be emphasized 
that these are only presumptive identifications because of the small number 
of characteristics determined. Also, the characteristics determined were more 
distinctive for some groups than for others. The authors are very confident of 
the identification of the following groups: Cl, C2, C5, R38, + R4, Rummococcus, 
Bacteroides succinogenes, Selenomonas, Borrelia, and Lachnospira. A few of the 
strains were studied in detail and their characteristics are reported elsewhere. 
These include Bacteroides ruminicola strains B888-1 and B932-1 from the 11/4 
sample of Calf 4 and B610-1, B742-1, B747-1, and B903-1 from the 13-wk., 9/30, 
9/30, and 11/4 samples, respectively, of Animal 5 (8), Selenomonas strains B358 
and B438 from the 13 wk. samples of Animals 2 and 1, respectively (3), and an 
unnamed organism, Strain B385, similar morphologically to Selenomonas but 
physiologically similar to Butyrivibrio, from Animal 3 at 3 wk. (3). B385 and 
similar strains were placed in the unknown group (Tables 5 and 6). 

In addition, 11 strains of curved motile rods selected from the isolated animals, 
that appeared to be atypical of the curved motile rod groups previously described, 
were studied for fermentation acids produced in rumen fluid—glucose medium 
(8). All of these were found to produce mainly butyric, lactic, and formic 
acids, with acetic acid being produced or consumed, depending on the strain. 
This suggested that they were atypical strains of the genus Butyrivibrio. They 
were presumptively placed in this group. It was also found that a few of these 
strains produced quite large amounts of lactic acid and low amounts of butyric 
acid. This seems quite plausible for members of the genus, especially since Gill 
and King (14) showed that the concentrations of butyric and lactic acid pro- 
duced by a strain of Butyrivibrio varied inversely and the amount of each pro-- 
duced depended on the composition of the medium. One presumptive strain of 
Eubacterium ruminantium (4), obtained from the 11/4 sample from Animal 5, 
was found to conform to this species in major fermentation acids, i.e., butyric, 
acetic, formic, and lactic acids. 

In general, the groups of bacteria cultured from the inoculated calves at 
different ages (Table 5) are remarkably similar to those previously found in 
uninoculated calves (9). At 1 and 3 wk. cf age, the predominant bacteria in 
both groups of calves were mainly different from those of mature animals, but 
some bacterial groups predominant in mature cattle were present. By the time 
the calves reached 6 wk. of age many groups typical of mature animals were well 
established, but several groups typical only of calves remained. In the previous 
study, animals at 9 and 13 wk. of age contained predominant bacteria typical 
of mature cattle, except that the +R3 group of anaerobic lactobacilli, typical of 
calves, was still present. In the inoculated calves of the present study, the +R3 
and +Ré4 groups of anaerobic lactobacilli and the C3 group of anaerobic strepto- 
cocci, typical of calves, were still present at 9 wk., but at 13 and 17 wk. of age 
only groups typical of mature cattle were present. Other similarities between 
the predominant bacteria of inoculated calves (Table 5) and the formerly studied 
uninoculated calves (9) include the following: Groups Cl, C5, and Rl were 
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found mainly in week-old calves; the C2 and +R4 groups were found mainly in 
3-wk. old calves; the +R3 group was found mainly in 6- and 9-wk.-old calves; 
the R3 group was found only in 1- and 3-wk.-old calves; the ruminococei and 
B. succinogenes which appear to be the more important cellulolytic bacteria: of 
the rumen, first appeared among the predominant bacteria in calves at 3 and 6 
wk. of age, respectively. 

Some apparent differences in the groups of predominant bacteria found in the 
inoculated calves of the present study (Table 5), as compared to the previously 
studied uninoculated calves (9), included the following: (1) the Butyrivibrio 
group was first found in week-old calves in the previous study and in 6-wk.-old 
calves in the present study; (2) the reverse was true of the B. ruminicola group ; 
(3) the C3 group was found in both younger and older calves of the present 
study, as compared to the previous study ; (4) the +R1 and the R2 groups, found 
only in week-old calves previously, were not detected among the predominant 
bacteria in the present calves; (5) Selenomonas first appeared at 3 wk. in the 
present study, but at 6 wk. in the former; (6) Borrelia was not found in the 
present calves but only a few were found in the former calves; (7) the failure 
to find the miscellaneous groups of Table 5 in the uninoculated calves through 
13 wk. of age. The latter was possibly the most significant difference in predomi- 
nant bacteria of the two groups of calves. However, these bacteria are often only 
a very small part of the predominant bacteria found in mature cattle (9). 

The differences noted in predominant bacteria appear to be small as com- 
pared to the similarities. It seems doubtful that many of the differences could 
be aseribed directly to inoculation. The week-old animals showed a few apparent 
differences, yet the inoculated animals were not inoculated until after this ramen 
sample was taken. Some of the later differences might have been due to the lack 
of protooza in the uninoculated calves. Also, it should be emphasized that the 
inoculated calves were studied 1 yr. later than the others and there was no ade- 
quate control to determine possible differences due io this. It does seem evident 
that, contrary to observations on ciliate protozoa, inoculation of normally raised 
calves that have no direct contact with mature animals except for a few hours 
after birth has little effect on the establishment of a predominant culturable 
bacterial flora typical of mature animals. 

Of the bacteria found in the inoculated calves and in the previously studied 
normally raised calves (9), the C2, C3, R3, +R4, and B. suwccinogenes groups were 
not found in the isolated calves through 17 wk. of age (Table 6). During this 
period, only one strain of cellulolytic Ruminococcus was found. The C1, C5, R1, 
+R3, B. ruminicola, Selenomonas, Butyrivibrio, Borrelia, and C4 groups were 
found and at ages quite comparable to the normal or inoculated calves. 

The finding of large numbers of a single group of unknown organisms in many 
of the samples from isolated calves through 17 wk. of age (see below) suggests 
another difference between these calves and the normal or inoculated groups. 
Unknown strains from samples from the latter calves appeared to include only 
one or a few strains of several apparently different groups. 

Also, differences in characteristics of the strains of Butyrivibrio and B. 
ruminicola cultured from the isolated calves and the inoculated calves and 
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mature cattle suggest a difference in the isolated calves. Of five strains of 
Butyrivibrio selected from Animal 4 before inoculation, none fermented xylan. 
This organism was not cultured from the other isolated calf during this period. 
Four of nine strains from the isolated calves after inoculation fermented xylan, 
and six of nine strains from the inoculated calf group fermented xylan. In an 
earlier study, 34 out of 48 strains from mature cattle fermented this carbohydrate 
(7). Seventeen out of 20 of B. ruminicola isolated from mature cattle fermented 
xylose, maltose and xylan and hydrolyzed starch (8). Of eight strains selected 
from isolated calves before inoculation, only two had these characters. None of 
the other fermented xylan and only one fermented xylose. After inoculation, 
nine out of 20 were typical. Fourteen of 18 strains from the inoculated calf group 
were typical in these characteristics. 

These apparent differences, the observations on unknown groups, and com- 
parison of the data in Tables 5 and 6 and the previously collected data on normal 
calves (9) indicate that, though some predominant groups of bacteria typical of 
normal and inoculated calves were present, the over-all picture of the flora of the 
isolated calves was substantially different through 17 wk. of age. This conclusion 
is supported by the differences shown between isolated and inoculated calves in 
total anaerobic counts in samples taken during the 6 to 17 wk. period. 

A point of particular interest in this study is that, even though some bacterial 
groups typically among the predominant ruminal bacteria were present in the 
isolated calves, some of them were unable to become predominant. One strain 


of cellulolytic Ruminococcus was isolated from Animal 5 at 6 wk. of age, demon- 
strating conclusively that it was present. Yet, no other strains of this bacterium 
were found until after the animal was inoculated. The strains present in this 
animal were possibly different from strains present in normal animals in some 
way that kept them from becoming predominant. It seems equally possible that 
some unknown organism or organisms that produce materials required for the 
ruminococci to become predominant were not available to the animal until it was 


inoculated. 

The possibility remains that many of the bacterial groups typically found in 
calves and mature cattle but not found in the isolated calves were present, and in 
numbers equivalent to other animals, but could not be detected because of the 
unusually high numbers of other bacteria found during the 6 to 17 wk. period. 

It would be of interest to determine rates of various ruminal reactions, such 
as cellulose digestion and production of gases and various organic acids, of 
similar animals in which an abnormal culturable bacterial flora was proved to be 
present. 

The source of the typical ruminal bacteria found in the isolated calves is 
unknown, but it is possible that some or all of them originated from nonruminant 
sources. Some bacterial groups typical of the rumen and found in the isolated 
calves, e.g., Selenomonas and Ruminococcus, have been found in the gastro- 
intestinal tract of nonruminants [see (4)]|; and it seems probable that, if an 
adequate search were made, others would be found. The calves were not kept 
from possible contact with rodents, birds, and other small animals. Although 
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much work remains to be done concerning the possible nonruminant sources, the 
authors do not believe that many regularly functional rumen bacteria will be 
found to originate from feed sources. 

It can be seen (Table 6) that there were considerable differences in presump- 
tively identified predominant bacteria from the two isolated calves. 

Also, there were substantial differences between unknown strains isolated 
from these two animals. Major groups of unknown bacteria isolated from Calf 4 
were as follows: Sixteen of 20 strains from the 3-wk. sample were gram-positive, 
facultatively anaerobic rods presumed to be lactobacilli because of the low final 
pH (4.0-4.1) in glucose medium. In the 13-wk. sample, 8 of 17 isolates were 
gram-negative, anaerobic, starch-hydrolyzing, but otherwise inactive, small 
spirilla. In other samples from this animal, few unknown strains (1, 6, and 9 wk. 
samples) or a large variety of unknown groups (17-wk. sample) were found. 
Major groups of unknown organisms isolated from Calf 5 were as follows: 
Nine of 17 strains from the 6-wk. sample were gram-positive, anaerobic 
rods with central swellings and final pH in glucose medium of 4.6-5.2. Five 
of 19 strains in the 9-wk. sample were motile anaerobi« diplococci that were 
inactive in all other characteristics. Five of 17 strains in the 13-wk. sample were 
the same as those in the 6-wk. sample and four of the motile diplococci were 
found in the 17-wk. sample. 


These observations on unknown strains plus the data in Table 6 show that from 
6 through 13 wk. of age culturable bacteria in Calf 4 consisted mainly of gram- 


negative bacteria and from 6 through 17 wk. of age in Calf 5 they consisted mainly 
of gram-positive bacteria. 

The observations on predominant bacteria cultured and the apparent differ- 
ences in ruminal pH values and cultural counts of lactate fermenters, and, par- 
ticularly, cellulolytie bacteria, indicate that the ruminal flora of the two isolated 
calves differed considerably. This was true even though the calves were separated 
in the shed by only 12 ft. and no precautions were taken to limit the transfer of 
organisms from one calf to the other. The reason for this difference is not appar- 
ent. The calves ate similar ratios of hay to grain, made similar weight gains 
per pound of TDN consumed, and the flora and fauna of both were essentially 
normal after inoculation (see below). 

The effect of inoculation on the ruminal flora of isolated calves. Table 7 
shows the various cultural counts obtained from the isolated calves after inocula- 
tion. The total anerobie count seems to show little effect of inocu! ‘ion with proto- 
zoa-free rumen fluid, except that the count in Animal 5 may have been slightly 
depressed. After inoculation with whole rumen contents the counts were depressed 
and about equal to values of the older calves in the inoculated group (Table 4). 
The effect of inoculation with protozoa-free rumen fluid on the cellulolytie counts 
apears to be quite drastic. The 10/7 sample from both animals and the 9/30 
sample from Animal 4 were higher than the authors have obtained using this 
method on rumen contents from any other cattle. One might have expected the 
counts in Animal 4 to increase as they had been lower than normal before inocula- 
tion. However, counts in Animal 5 increased greatly, even though they were in 
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TABLE 7 


Bacterial counts of rumen contents from isolated calves before and after 
inoculation with protozoa-free and whole rumen contents 





After inoculation After inoculation 
Calf with protozoa-free whole rumen 
No. rumen fluid* contents” 


10/7 11/4 11/14 


Date of sample 9/30 








(numbers per ml.) 
RGCA medium (anaerobic 6.3 3.8 45 0.64 
count, billions) 5 11 5.8 5 0.36 


Cellulose medium (millions) 70 920 7 160 
> 1,800 > 1,800 92 


Lactate medium (millions) 13 13 6.0 
17 12 1.0 4.0 


* Calves were inoculated with protozoa-free rumen fluid on September 21, 22, and 23. The 
last samples taken before the 9/30 samples were the 17 wk. samples (Tables + and 6). These 
were taken on September 6 and 19 for Calves 4 and 5, respectively. 

» Calves were inoculated with whole rumen contents on October 24. 


the normal range before inoculation. After inoculation with whole rumen con- 
tents, the counts were normal. 

Results in Table 6 show that the normal balance of predominant groups of 
bacteria became established after inoculation. Of particular interest was the rapid 
response of the Ruminococcus group in both calves and the Butyrivibrio group in 
Calf 5. 

Although no uninoculated, isolated animals of similar age were available, it 
seems highly likely that most of the changes were due to inoculation. These 
results are another indication that the flora of these animals was abnormal 
through 17 week. of age, because it is unlikely that inoculation would have any 
appreciable effect on animals with a normal flora. 
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LACTATING DAIRY COWS * 


LOUIS J. BOYD, H. D. BAXTER, J. B. MCLAREN, anp J. R. NICHOLS 3 


Tennessee Agricultural Experiment Station, Knoxville 


SUMMARY 


Sixty-two pairs (33 Jersey and 29 Holstein pairs) of milking cows were used to 
compare aureomycin supplementation with a control ration for a 12-wk. period. Treated 
cows were fed at the rate of 10 mg. per 100 lb. body weight. Seventeen pairs were con- 
tinued on the experiment for 17 wk. and another eight pairs for 6 mo. The differences 
between the two groups of cows in milk production and body weight changes were not 
significant at the 5% level. The cows receiving aureomycin showed no obvious advantage 
in resistance to mastitis, foot rot, or other bacterial disturbances throughout the study. 





Aureomycin and other antibiotics have been used successfully in the rations 
of simple-stomached animals for some time. Early reports on the feeding of 
aureomycin to ruminant animals were somewhat contradictory. Bell et al. (3) 
reported that aureomycin had adverse effects on beef steers and Colby et al. (5) 
showed that it depressed feed consumption and reduced the growth rate of lambs. 
At the same time, Rusoff (12), Loosli and Wallace (9), and Bartley et al. (1) 
reported that aureomycin fed to young dairy calves promoted growth and was 
beneficial in helping to reduce scours. A subsequent review by Lassiter (8) in 
1955 substantiated the beneficial effects of feeding aureomycin to young dairy 
calves. Since young calves are not entirely dependent upon rumen microflora, it 
was suspected that their response to aureomycin was different from that of older 
ruminating animals. Thus, the use of aureomycin as a feed supplement for mature 
dairy animals lagged, primarily due to the early reports of the adverse effects 
when fed to ruminants. 

Later studies by Loosli and Warner (10) and Rusoff and Haq (13) showed 
that the feeding of high levels of aureomycin daily to milking cows produced 
no harmful or beneficial effects on milk production and feed consumption. Like- 
wise, Bartley et al. (2) found that the daily feeding of 300 to 500 mg. of aureo- 
mycin per cow had no effect on milk yield, body weight changes, or on the 
general health and well-being of the animals. Jacobson et al. (7) found no advan- 
tage in milk or fat production in feeding aureomycin for 15 mo. prior to parturi- 
tion and during the first lactation. 

It is known that the presence of antibiotics in milk will render it useless for 
cheese production. Reports by Loosli and Warner (10), Rusoff and Haq (13), 


Reeeived for publication December 21, 1959. 


‘Trademark of the American Cyanamid Company for the antibiotic, chlortetracycline, 
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7A portion of this work was conducted in cooperation with the Dairy Cattle Research 
Branch, Beltsville, Maryland. 
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and Martin et al. (11) give evidence that the feeding of relatively high levels of 
aureomyecin did not affect milk composition or result in measurable amounts of 
the antibiotic in the milk. Henderson et al. (6) reported that no aureomycin was 
in the blood or milk of animals fed the antibiotic at the level of 0.1 mg. per pound 
of body weight. Shor et al. (14) also found that milk from cows fed aureomycin 
at the same level did not contain the antibiotic. 

Since the feeding of aureomycin to dairy cattle has aroused much interest 
recently, this study was made to determine the response of lactating dairy animals 
when fec this antibiotic at recommended low levels. 


EXPERIMENTAL PROCEDURE 


Lactating dairy cows of two breeds were paired on the basis of milk produc- 
tion, body weight, age, stage of lactation, and stage of gestation. In addition, the 
health records which included the prior incidences of foot rot, mastitis, and other 
bacterial infections were considered in pairing the cows. Sixty-two pairs of cows 
were included in the study (33 pairs of Jerseys and 29 pairs of Holsteins). The 
animals were located in four of the University dairy herds. 

Aureomycin, in the form of Aurofae 2A which contained 3,600 mg. per 
pound, was fed daily to one cow of each pair. Sufficient Aurofac 2A was fed 
daily to furnish aureomycin at the rate of 10 mg. per 100 lb. of body weight. The 
average body weight of the cows of the same breed in each herd was determined 
and aureomycin was fed to all cows in the supplemental group on the basis of the 
average weight of the group. Thus, each cow of the same breed in each herd 
received the same amount of Aurofac 2A on top of its concentrate mixture. The 
paired mates in the control group received the same amount of concentrates but 
were not fed aureomycin at any time. Aureomycin was introduced into the ration 
gradually over a five-day period. However, a preliminary test at this station 
showed that milking cows suffered no ili effects when started abruptly on aureo- 
mycin feeding at the recommended levels. All cows were barn-fed throughout 
the greater portion of the experiment. In most cases, the cows were fed mixed 
hay with either corn or grass silage, all of which was medium to fair in quality. The 
cows in both groups had access to the same quantity and quality of roughage. 

Two-week pre- and post-experimental periods were conducted during which 
time the paired mates in both groups were managed alike. The rate of aureo- 
mycin feeding was gradually increased over a five-day period until the treated 
cows received 10 mg. per 100 lb. of body weight. The adjustment period was 
followed by a 12-wk. experimental period, beginning the latter part of December. 
This season was selected since it is a time when the herds usually experience some 
difficulty with foot rot. In one herd involving 11 pairs of Holsteins and six pairs 
of Jerseys the study continued for 17 wk. and in another herd eight pairs of 
Jerseys were kept on the experiment for 6 mo. 

Records were kept of daily milk production and monthly butterfat tests for 
each cow. Body weights were recorded at the beginning and end of the study. 
In addition, daily observations of all cows were made to detect incidences of 
mastitis, foot rot, and digestive or respiratory disturbances. 
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The daily milk production data were analyzed for statistical significance by an 
analysis of variance method as outlined by Burt (4). 


RESULTS AND DISCUSSION 
No difficulty was encountered in getting the cows to consume the Aurofae 2A 
when it was placed on top of the concentrate mixture. None of the cows showed 
ill effects from the treatment. 
The average daily milk production for all pairs by weeks is shown in Figure 1. 
The daily average production of the 29 pairs of Holsteins for the entire period 
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Fig. 1. Average daily milk production of aureomycin-fed and control cows of two breeds. 


was 36.9 lb. for the controls and 38.1 lb. for the treated cows. Inspection of 
Figure 1 reveals that the Holsteins in the supplemented group started on the 
experiment at a higher level of production and declined at approximately the 
same rate as the controls. The milk production of the two groups of Jerseys was 
approximately the same throughout the study. The average daily production was 
23.2 lb. for the control Jerseys and 23.4 for the treated Jerseys. The data (espe- 
cially for Jerseys) in Figure 1 indicate that the supplemented cows were producing 
slightly more milk than the controls at the end of the 12-wk. period. However, the 
differences between the two groups were not statistically significant. This was still 
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true when the data were considered within the two breeds and within the four 
herds. 

When the milk produced was converted to a 4% FCM basis, the two groups 
were not significantly different. The average daily production of the 4% FCM 
was 32.7 lb. for the controls and 33.0 lb. for the aureomyecin-fed group. These 
averages again reflect the slightly higher production of the supplemented group 
which was evident at the beginning of the experiment. 

The body weight changes showed no conclusive trend. The average change in 
weight during the experiment showed that the cows in both groups gained weight. 
The control group gained an average of 19 lb. per cow, whereas the supplemented 
cows increased an average of 21 lb. Two reasons may be partially responsible 
for the increases in body weight. Many of the cows were in the advanced stages 
of gestation at the end of the experiment and some of the Holsteins were first- 
lactation heifers that were still growing during the trial. 

The health records kept on the two groups of cows in each of the four herds 
failed to show an advantage for the antibiotic-supplemented group. Mastitis was 
a problem of concern in only one herd. In this herd, three cows in the control 
group were treated two or more times for mastitis, whereas five cows in the 
aureomycin-fed group were treated one or more times for mastitis. In the three 
other herds combined, only four control cows were treated for mastitis and five 
of the antibiotic-fed cows required treatment. Throughout the study, four of 
the control cows were treated for foot rot and six cows in the supplemented group 
were treated one or more times. 

Other noticeable difficulties were limited in both groups of cows. One control 
cow was treated for metritis and one supplemented cow was treated for another 
bacterial infection. Two cows in the supplemented group went off-feed for a short 
period of time. This difficulty was not attributed to the antibiotic, since it occurred 
after the cows had been receiving the supplement for some time. 

In the herd in which the trial was conducted for 17 wk., a Hotis test and a 
microscopic examination for mastitis organisms were made monthly on every 
cow. During this time, the milk from each quarter was checked carefully four 
times, at monthly intervals. The data collected from similar tests before the 
feeding trial were used in pairing the cows. The first test during the experiment 
was made after the study had been in progress approximately 30 days. Addi- 
tional tests were made from January through April. The results of these tests 
failed to reveal a difference between the two groups of cows. Two cows in each 
group were positive in one or more quarters. The milk from one or more quarters 
of eight cows in the control group reacted as though the cow were a suspect for 
mastitis, and five cows in the supplemented group reacted in this manner. More 
of the supects in both groups showed up in the last two tests (March and April) 
than in the first two. 

To accumulate data on the effects of prolonged feeding of aureomycin, eight 
pairs of the higher producing Jerseys in one herd were continued on the experi- 
ment for 6 mo. Each of the eight cows in this group received the same amount 
of aureomycin daily for the entire period. This continuation was of special 
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interest, since the treated cows shown in Figure 1 appeared to produce at a higher 
level near the end of the 12-wk. period. The data on these cows are summarized 
in Table 1. The eight cows in each group produced at approximately the same 
level. The increase in production during the fifth month corresponds to the 


TABLE 1 
Average daily milk production by months for eight pairs of Jerseys 
comparing aureomycin-fed and controls 
over a 6-mo. period 


Month Controls Aureomyecin-fed Difference 





38.9 

34.4 33.8 

31.7 31.6 

31.5 32.0 

32.3 32.3 

29.6 28.8 
time that the cows were on spring pasture. Both groups of cows increased in 
production and declined thereafter at approximately the same rate. 

Under the conditions of this experiment, the addition of aureomycin to the 
dairy ration failed to produce a significant advantage in milk production during 
a 12-wk. period. Even when cows were continued on the study for as long as six 
mo., no differences were found between the control and supplemented cows. 

It is believed that the disease level of the herd, which presumably is lower 
in most experimental herds, may influence the response to aureomycin supple- 
mentation. The clinical disease challenge was low in the four experimental herds 
used in this study. Therefore, these results may not be indicative of the responses 
in herds experiencing higher disease levels. 
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CORRELATION OF MILK PRODUCTION WITH QUALITY AND 
QUANTITY OF HERBAGE INTAKE UNDER ROTATIONAL 
AND DAILY STRIP GRAZING 


A. L. BRUNDAGE anp W. J. SWEETMAN 


Alaska Agricultural Experiment Station, Palmer 


SUMMARY 


Chromium oxide and plant pigments have been used as indicators to determine herbage 
digestibility, fecal output, and digestible and total herbage intake for five cows rotation- 
ally and daily strip grazing alfalfa-bromegrass (Medicago falcata and Bromus inermis) 
pasture during the grazing season of 1955. Morning and afternoon fecal samples were 
composited in the manner of three-day running averages to provide these estimates on a 
daily basis. The relationship of these variables and milk production to time has been 
diseussed and arguments advanced to support representing time as a discontinuous 
arithmetic series instead of a simple arithmetic series in this and a previous experiment. 
Consequently, multiple correlation analyses have been recomputed for the two cows used 
in the previous experiment and are reported with the analyses for the five cows in this 
experiment. Although there was a marked linearity of decline in lactation with advancing 
time, daily milk production was also significantly related to variations in herbage digesti- 
bility and live weight. These were the main variables related to milk production under 
strip grazing. Under rotational grazing, digestible and total intake and fecal output were 
also significantly associated with milk production. 





A study in pasture ecology, designed to compare two grazing management 
systems, must take cognizance of the interdependence of the pasture and the 
grazing animal. These are not static entities, but complex biological systems 
in constant interaction. The ideal in pasture management is maximum efficiency 
of herbage utilization commensurate with continued productivity of the pasture 
and adequate nutrition of the grazing animal. The interdependence of pasture 
and cow is influenced by their mutual independence with regard to time, weather, 
age, stage of lactation, fertility, ete. 

Brundage ef al. (3) used CreO, and plant pigments as indicators to 
estimate quantity and quality of herbage intake by two grazing dairy cows. 
Combining morning and afternoon fecal samples in the manner of three-day 
running averages enabled them to make these estimates on a daily basis. They 
used multiple correlation analysis to study the relationship of milk production 
to quantity and quality of herbage intake independent of time. 

The experiment described in this paper concerns a similar study involving 
six dairy cows grazing alfalfa-bromegrass (Medicago falcata and Bromus inermis ) 
pasture under rotational and daily strip grazing systems of pasture management. 
The objective was to study the relationship of daily milk production to daily 
herbage digestibility, total and digestible intake, fecal output, and live weight 
variations within the continuum of time. The correlation analysis was summarized 
at the annual meeting of the American Dairy Science Association in 1958 (1). 
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EXPERIMENTAL PROCEDURE 

This digestibility-intake study was conducted in 1955 to further study the 
relationship of daily milk production to daily herbage digestibility, total and 
digestible intake, fecal output, and live weight variation within the continuum 
of time. The experiment was incorporated as part of a 3-yr. investigation of 
the efficiency of herbage utilization from alfalfa-bromegrass pasture under 
rotational and strip grazing systems of management. Details of the over-all 
design of the 3-yr. trial and results have been presented previously (2). 

One-half of a seven-acre alfalfa-bromegrass pasture was subdivided into 
three equal paddocks and rotationally grazed by four lactating dairy cows. The 
other half was daily strip grazed by a similar group of four cows. Cows under 
rotational grazing were not moved from their paddock until those under strip 
grazing had grazed a comparable area. This restriction of movements between 
paddocks gave both groups equal opportunity to utilize the available herbage. 
The pastures were grazed from May 30 through July 26 and from August 2: 
through September 8. The time spent on any one paddock varied from five to 
eight days. 

Three cows under each management system were employed in the digestibility- 
intake phase of the experiment. These animals received no supplemental feed 
while on pasture. They were weighed every other day prior to going to the 
pasture after the morning milking. Limiting drinking water to an outside 
tank after weighing reduced the variation of water fill in these data. Milk was 
weighed at each milking and sampled for butterfat analysis (Babcock) every 
ten days. These data were used to compute daily production of 4% fat-corrected 
milk. 

Ten grams of Cr.0, were administered to each cow via 1-oz. gelatin capsules 
each morning at 8 A.M. Grab samples of feces were taken from the rectum daily 
at approximately 7:30 a.m. and 4 p.m. No difficulty was experienced in the 
morning collection, but occasionally one or more cows were found to be devoid 
of feces at the afternoon collection. This resulted in a delay of an hour or more 
until feces could be obtained. 

The morning and evening fecal samples were composited into three-day 
samples in the manner of a running average (3). A total of 73 samples was 
prepared for each cow and analyzed for CreQ;' and plant pigments. A Beck- 
man Model B spectrophotometer was employed for the latter analysis. These 
data were used to compute daily apparent dry matter digestibility, fecal out- 
put, digestible intake, and total intake for each cow according to the method 
of Reid et al. (5). Only digestibility and fecal output are independently de- 
termined in this procedure. Digestible and total intake are mathematically as 
well as biologically related to digestibility and fecal output. 

One cow under strip grazing was poisoned during the experiment. Data for 
her have been discarded as being atypical. Her illness did not result from the 


experiment per se. 


' The CreOs analyses were performed by the Wisconsin Alumni Research Foundation, 506 N. 


Walnut Street, Madison 1, Wisconsin. 
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RESULTS AND DISCUSSION 


The partial correlations of milk production with digestibility and digestible 
intake independent of time were computed when milk production was assumed 
to occur the day before, the same day as, and the day after fecal output. For 
these and subsequent calculations, the three-day composite fecal samples were 
assumed to be an estimate of the middle day included in each sample. 

In the original experiment (3), and in the preliminary report on these data 
(1), time was represented as a simple arithmetic series (1, 2. 3, ... mn) cor- 
responding to the total days (mn) on the experimental pastures. It was tacitly 
assumed that, inasmuch as this representation of time was common for both 
milk production and the other variables under consideration, partial correlation 
analysis would give the true relationship between milk production and digesti- 
bility or digestible intake independent of time. 

Further examination of the data has impugned this assumption, however. 
The variables under study are not mutually related to time. Lactation and live 
weight variations are continuous over the grazing season. Variation in quantity 
and quality of herbage intake are also continuous over the grazing season, cor- 
responding to morphological changes in the pasture with advancing time. At the 
same time, however, these variations are discontinuous or cyclic in nature, cor- 
responding to the periodic defoliation and regrowth of the pasture throughout 
the successive grazings during the season. 

If the pasture were adequate to maintain the animals continuously throughout 
the course of the experiment, time would be a continuous function and could be 
represented by a simple arithmetic series. But, in these experiments, where it 
became necessary to remove the animals from the experimental pasture to allow 
regrowth for subsequent grazing, time is more accurately represented as a dis- 
continuous arithmetic series; thus: (1, 2,3, ...aatb+latb+2,...n) 
where (a) is the number of days grazed before withdrawal from the pasture, 
(b) is the number of days the animals are absent from the pasture, and (7) is 
the total time elapsed during the course of the experiment. 

Regarding a discontinuous time series as more realistic than a simple time 
series for both the original experiment (3) and the one under discussion (1), 
the correlation analyses have been recomputed for all seven cows. The partial 
correlations of milk production with digestibility and digestible intake independ- 
ent of the linear effects of time, when milk production is assumed to occur the day 
before, the same day as, or the day after fecal output are listed in Table 1. 

The 1955 data in Table 1 were transformed to z values and subjected to 
analysis of variance (6), to test the significance of the differences in partial 
correlation coefficients obtained. Differences among the two cows under strip 
grazing were not significant. Differences among the three cows under rotational 
grazing were highly significant when the variance due to the interaction of cows 
and measurements (digestibility and digestible intake) was removed from the 
error variance. Comparison of the means by Duncan’s multiple range test (4) 
showed the partial correlations to be highest (p less than 1%) when milk pro- 
duction was assumed to occur the day after fecal output. 
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TABLE 1 


Partial correlations of digestibility and digestible intake with milk production independent 
of the linear effects of time, when milk production is assumed to oceur the day 
before, the same day, or the day after fecal output 





Milk produetion 














, ' Same day Day after 
Grazing Day before —_—_—___— —__—— $$$ 

Cow system Dig. Dig. intake Dig. Dig. intake Dig. Dig. intake 
1954 

209 Rotational +.248 +.213 +.365° +.172 +.349” —.018 

210 Strip +.171 +.162 +.345° +.175 +.433° +.073 
1955 

212 Rotational +.117 +.394? +.294* +.350° +.347” +.421” 

215 Rotational +.543° +.430° +.550° +.303” +.610° +.396° 

227 Rotational +.484” +.404° +.589” +.370° +.589° +.434° 

214 Strip +,157 +.096 +,297" —.012 +.321° +.057 

218 Strip +.365° +.015 +.414° +.027 +.360° +.162 





“Significant at the 5% level. 
» Significant at the 1% level. 


For the more detailed correlation analyses to be discussed, it has been as- 
sumed that fecal output preceded milk production by one day. It is necessary 
to establish this relationship because the variables under study (i.e., digesti- 
bility, fecal output, ete.) are determined from the chemical analysis of the 
series of fecal samples. Hence, the assumption is that digestibility, fecal output, 
ete. are influencing milk production the day following the appearance of the fecal 
residues from which these values have been determined. Allowing for the 
passage of the herbage residues through the posterior portion of the gut, this 
indicates a considerable delay in time for the expression of these variables in 
milk production. 

The multiple correlation analysis of the data was conducted according to the 
procedure outlined by Brundage et al. (3). First, the simple correlation co- 
efficients of all variables were computed (Table 2). The 1955 data were com- 
puted on a within-cow basis for each management system. Inspection of this 
table reveals negative correlations between time and milk production in all 
cases. Many of the other simple correlations are impossible to explain biologically. 
For example, it is difficult to rationalize negative correlations between milk 
production and digestibility or herbage intake. This supports the contention 
that these biological functions are confounded with time and must be studied 
with reference to time. 

The other variables were systematically introduced into the linear correla- 
tion of time and production and the resulting reduction in error variance for 
milk production tested for significance. When more than one three-factor cor- 
relation gave significant variance reduction, the variables concerned were com- 
bined into a four-factor correlation coefficient and tested for significance. This 
procedure was continued until all the variables significantly related to milk pro- 
duction had been established. 

These correlation coefficients are summarized in Table 3. Digestibility was 
significantly related to milk production in al: cases. Under rotational grazing, 
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TABLE 3 


Simple and multiple correlation of milk production with time, digestibility, fecal output, 
digestible intake, total intake, and live weight, when milk producton and live weight 
are assumed to oecur the day after fecal output. Data for 1955 have been computed 
on a within-cow basis (two cows under strip grazing and three cows under 
rotational grazing) 














Rotational grazing Strip grazing 
Variables 1954 1955 1954 1955 
Time and FCM — .900 ~~ Jee — .904 — 949 
Time, dig., and FCM + 912" + .851° + 923” + .956” 
Time, feeal output, and FCM + .910° + .787 + .908 + .950* 
Time, dig. intake, and FCM + .900 + .823” + 905 + .949 
Time, total intake, and FCM + .902 + .804” + 904 + 949 
Time, live weight, and FCM + .910* “Tee + 911 + .954” 
Time, dig., feeal output, and FCM + .915 + .863” + .931 + .956 
Time, dig., dig. intake, and FCM + .916 + .863° + .929 + 956 
Time, dig., total intake, and FCM + 916 + .863” + .930 + .956 
Time, dig., live weight, and FCM + .919* + .852 + .942” + .961° 





*» Reduction in error variance for FCM significant at * 5% and” 1%. 


time, digestibility, and live weight gave the highest significant correlation co- 
efficient in 1954, and time, digestibility, and intake (total or digestible) or fecal 
output in 1955. The combined use of feeal output and intake variables did not 
significantly improve the correlation coefficients when they were used indi- 
vidually with time and digestibility. This is attributed to the fact that these 
variables are confounded with each other mathematically as well as biologically. 
The combination of time, digestibility, and total intake gave the greatest reduc- 
tion in error variance for milk production. 

Under strip grazing, time, digestibility, and live weight gave the highest 
significant correlation coefficient both years; even though the addition of live 
weight to time and production alone did not give a significant improvement over 
the linear correlation. 

Multiple regression equations of milk production on the significant variables 
are presented in Table 4. As anticipated, lactation is negatively related to time, 
declining as the grazing season progresses. Milk production is also negatively 
related to live weight variations. This may be a true physiological relationship 
or it may be illusory, arising from the concurrent decline in production and 

TABLE 4 


Multiple regression equations of daily 4% fat-corrected milk on time, digestibility, total 
intake, and live weight 











Number FCM Digestibility Intake Live weight Std. 
Year of cows (Y) Time (T) (D) (I) (w) error 
(1b.) (days) (%) (kilos) (1b.) 
Strip grazing 
1954 1 Y= — 229T + .910 D . — 053 w + 33.57 + 1.86 
1955 2° Y= — 142 T + .423 D - — .033 w + 41.14 + 1.59 


Rotational grazing 
1954 1 Y= — .146T + .156 D _ — 019 w + 39.87 
1955 3° Y= — 092 T +.436D +.2641 ” —° 139 


_ ee 
| Sao 
io, 


| I+ I+ 





"Computed on a within-cow basis. 
»*_This variable does not significantly enter this equation. 
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increase in live weight with advancing lactation and pregnancy. Daily milk 
production is positively associated with herbage digestibility and intake. 
Average daily milk production and digestibility for the 1955 experiment are 
illustrated in Figure 1. These data have been presented previously for the 
two other cows (3). It is to be expected in a study of this nature, extending 
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Fie. 1. Average per cent digestibility and pounds fat-corrected milk for cows under 
rotational grazing (212, 215, 227) and daily strip grazing (214, 218). Solid lines—rotational 
grazing; broken lines—strip grazing. The lines at the bottom of the graph indicate rotations 
from paddock to paddock during the experiment. 


for several months, that the passage of time will exert a negative influence on 
daily milk production. Indeed, the negative correlation for time and milk pro- 
duction exceeds —.9 for three cows managed under strip grazing. In spite of 
this high linear relationship, milk production responded independently to small 
variations in digestibility at a mean of 65%. This is striking evidence of the 
dairy cow’s sensitivity to small daily variations in digestibility of ingested 
herbage under the strip grazing system of management. This also refutes the 
conclusion that variations in digestibility have no effect on milk production 
under strip grazing, which was based on correlation analyses computed assuming 


time as a simple arithmetic series (1). 
Cows managed under rotational grazing do not exhibit as marked linearity 
of decline in milk production as those under strip grazing. Production of all 
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four cows responded significantly to variations in digestibility at a mean of 
63.8%. Figure 1 illustrates the cyclic nature of digestibility under rctational 
grazing. Digestibility rises when the cows enter a new paddock, and then declines 
as the available herbage is progressively depleted. 

It is perhaps redundant to point out that these data are limited in replica- 
tion and give only a brief 1nd fragmentary view of the dynamic relationship 
between the pasture sward and the grazing animal. They do appear to be reason- 
ably consistent from year to year. They lend support to the thesis that the lac- 
tating dairy cow is sensitive to small variations in quality of ingested herbage, 
even when utilizing the relatively uniform herbage provided by daily strip 
grazing. Cows under rotational grazing also responded positively to variations 
in quantity of daily herbage intake. 
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DEVELOPMENT OF TECHNIQUES FOR EVALUATING 
GRAZED FORAGE! 
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SUMMARY 


Techniques were developed to sample grazed forage with steers, using both esophageal 
and rumen fistulas. Comparisons between feeds of known composition and samples col- 
leeted from these same feeds through fistulas indicated that some changes in composition 
occurred. These changes in composition of certain constituents were influenced by the 
type of feed and type of fistula. Regression equations for the various changes were 
calculated. The relative amounts of organic constituents were modified by fistula sampling. 
The amount of protein and ether extract was the same in the fistula sample as the feed, 
but significant changes were noted in the amount of crude fiber, NFE, and energy. Fistula 
samples were highly contaminated with mineral matter. The composition and amount of 
saliva secreted while consuming a sample of forage was investigated, to explain some of 
the chemical changes noted in fistula samples. Repeated feed sampling on the same day 
with the same animal had little effect on the composition of fistula samples. Due to the 
high variation between feeds, and the generally high correlations between feed and 
fistula samples, it was felt that the fistula sample represents the best estimate of the 
foraging animal’s diet until adequate comparisons of grazed forage have been made. 
Fistulated animals were used as sampling agents on pasture. The fistula sample could 
be separated botanically, between grasses and broad-leaved plants. 





The importance of grazing land in American agriculture is well established. 
It is desirable to obtain suitable methods by which the nutritive value of various 
range and pasture forages can be determined. A number of systems have been 
developed to determine the quality and quantity of the grazing animal’s diet, 
but much of the work was based on unproved assumptions or other means of 
estimating the animal’s grazing habits. The biases that occurred and consequent 
errors might not have been measurable if grazing animals were unable to select 
their diet. Several outstanding investigations have shown that animals selectively 
graze (3, 4, 5, 7, 8,9). Many have felt that the only practical means of pasture 
and range forage evaluation is through the use of the animal as the sampling 
agent. The indicator method has gained wide acceptability in recent years as a 
method for determining both nutritive value and intake of grazed forage; how- 
ever, a representative sample of the animal’s diet can not be obtained with the 
use of the indicator method alone. Accurate forage sampling using the animal 
was accomplished by Torell (11), with the establishment of a successful esopha- 
geal fistula in a sheep. Recently (2) a method for establishing a cannula in 
esophageal-fistulated sheep for the enhancement of forage collection has been 
developed. Work by Bath (1) indicated that only ash appeared to be higher in 
fistula-collected samples when compared to feed samples. No changes were re- 
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ported in other chemical constituents. Additional work (12) indicated that 
mineral contamination is very high in forage collected from esophageal-fistulated 
sheep. 

The purpose of this study was to (1) develop suitable biological sampling 
techniques with steers, to further investigate the intake and nutritive value 
of grazed forages, and (2) make chemical comparisons between feeds of known 
composition and samples collected from these same feeds through fistulas. 


EXPERIMENTAL PROCEDURE 


Rumen fistulas were established in three yearling steers. The operation was 
similar to the two-phase method reported by Schalk and Amadon (10). Rumen 
fistulas were closed with a simple plug constructed with two pieces of masonite 
lined with foam rubber. One piece was placed inside the rumen and the other 
on the outside. Two or three smaller pieces of masonite, approximately the 
same size as the fistula, were used as fillers between the two larger plates and 
held in place with a 5/16- X 4-in. carriage bolt and wing nut. This system 
allowed the plug to be closed tightly enough to prevent most leakage, but not 
tightly enough to cause necrosis. 

The following procedure was used to collect samples from rumen-fistulated 
animals: The animal was first restrained and the rumen plug removed; next, 
the entire contents from the rumen and reticulum were removed and placed in a 
suitable container. The sides of the rumen were cleaned by downward strokes 
with the hand. This step was essential to lessen contamination of the collected 
sample. After the rumen was evacuated, the animal was allowed to sample the 
forage for 30 to 45 min. At this time the animal was again restrained, the in- 
gested sample removed, and the former rumen contents replaced in the rumen. 

Esophageal-fistula cannulas were established in four steers. The operation 
was similar to that described by Cook et al. (2) for sheep. After the animal 
was anesthetized with a general anesthesia, an incision was made through the 
skin and subeutaneous fascia in the upper one-half of the cervical region, and 
then between the left margin of the sterno-hyoid muscle and the right margin of 
the sterno-cephalicus muscle. Passing a stomach tube into the rumen prior to 
the operation aided in locating the esophagus. An incision somewhat shorter 
than the length of the flanged end of the cannula was made in the esophagus and 
the cannula was then inserted into the esophageal lumen. The tissue was closed 
tightly around the cannula by suturing the anterior and posterior ends of the 
incision in the esophagus with No. 2 catgut. Next, the subcutaneous tissue was 
sutured tightly, which aided in securing the cannula. The incision through the 
skin was then closed with Vetafil? and dusted with sulfanilamide. Following 
the operation the animals were maintained on pelleted feed to facilitate healing. 

The first cannula used in an esophageal fistula consisted of a modified ‘‘T’’ 
made from plastic pipe. The inside diameter was 114 in. and the flanged end was 


* Vetafil is a heavy-type-suture (0.40-mm. diameter) manufactured by Fort Dodge Labora- 
tories, Fort Dodge, Iowa. 
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approximately 5 in. long. The cannula was closed with a rubber stopper held 
in place with a water hose clamp. Cannulas used in a later operation were of a 
iarger size. These were modified from a ‘‘T’’ made of a plastic material* with an 
inside diameter of 2 in. and a flanged end 514 in. long. This material was ground 
to a thinness of approximately 14 in. to reduce weight and add flexibility. Closure 
of the cannula was accomplished with a screw cap. A two-piece esophageal fistula 
plug (11) was used to close fistulas upon removal of the cannula from certain 
animals. 

Esophageal fistula collections were made simply by removing the serew cap, 
or plug, depending on the type, and placing a collection sack around the neck. 
The collection sack, with a capacity of approximately 3 gal., was constructed of 
rubberized canvas and held in place with a strap around the top of the neck. 
Time required for collection of samples from esophageal-fistulated animals was 
similar to rumen-fistulated animals. 

Comparisons between feeds of a known composition and fistula samples of 
these feeds were made. Alfalfa-concentrate pellets, alfalfa hay, and grass 
hay were tested on both types of fistulas. A limited number of grass and alfalfa 
samples was fed in the succulent stages. The sample of feed to be tested was 
divided into two parts with one-half used as the control sample and the other 
half fed to the animal and collected through the fistula. 

In a later study, alfalfa hay was used to determine both the effect of fistula 
sampling and the effect of consecutive sampling within a comparatively short 
time period on the chemical composition of the fistula-collected sample. A two 
by four factorial design with three replications was employed for this study. 
Three animals with each type of fistula were compared on four consecutive 
sampling periods with a time interval of 1.5 hr. between sampling periods. 
Rumen contents were withheld from the rumen-fistulated animals for the entire 
period. Animals were not allowed access to water during the entire sampling 
period. 

In a related study, the amount of salivary contamination in rumen-fistula 
samples was determined with several levels of grass hay. Salivary secretion 
was determined by feeding a known quantity of hay which was recovered from 
the rumen along with the saliva secreted. The difference between the initial 
weight and the final weight was recorded as the amount of saliva secreted while 
consuming the sample. The experimental design for this study was a three by 
three factorial with three replications. Three different initial weights of hay 
were used with three animals. During this study, limited numbers of saliva 
samples were collected for chemical analysis. A 400-ml. beaker was placed under 
the cardia in the anterior portion of the rumen. Several types of feed were pre- 
sented to the animal, but he was not allowed to sample them in an attempt to 
stimulate the secretion of saliva comparable to that secreted when actually 
consuming forage. 


*Vuleathene ‘‘T’s’’ (No. T34) were purchased from American Vuleathene, Division of 
the Nolge Co., Ine., Rochester, New York. 
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RESULTS AND DISCUSSION 


Rumen-fistula techniques used in this study were satisfactory. However, 
esophageal fistulas were not entirely successful. The first cannula, 1.5 in. inside 
diameter, was successfully established but proved too small for a bolus to fall 
through. The cannula was removed and a plug was fitted to the fistula. The 
animal was maintained on pasture for 3 mo. under these conditions. On a grass 
hay diet, the animal developed trouble in swallowing. Several times the esophagus 
became compacted with food and the fistula opening gradually became larger. 
The animal could not be maintained under these conditions. The larger cannula 
was established in the next two operations. The cannula was accidentally removed 
from one animal shortly after the operation. Failure to devise an adequate plug 
resulted in death 2 mo. later. The operation appeared successful on the second 
animal in this series, the wound healed, and little scar tissue developed. The 
animal was used successfully for 75 days; however, the anterior lip of the 
flanged end finally protruded through the esophagus and skin, and the animal 
was sacrificed. A later attempt to establish a more modified 2-in. ‘‘T’’ also failed. 

Sixty-two comparisons of fistula and feed samples indicate that some changes 
occur with fistula sampling by steers. The change in amounts of certain con- 
stituents through fistula sampling is influenced by the type of feed and type 
of fistula (Table 1). The regression equations for the various changes were cal- 
culated with XY, the independent variable, representing the fistula sample, and Y, 
the dependent variable, representing the usual feed sample. Through the appli- 
cation of these regression equations to the appropriate feeds and types of fistulas, 
it will be possible to predict the chemical composition of the foraging animal’s 
diet. When the regression equation is not significant, but significant changes 
occurred by fistula sampling, the composition can be determined simply by 
adding the recorded change. 

The amounts of certain organic constituents were modified by fistula sampling. 
In all cases, the amounts of ether extract and protein were the same in the fistula 
sample as the feed, but significant changes were noted in the amount of crude fiber, 
nitrogen-free extract (NFE), and energy. 

The amount of crude fiber in fistula samples of grass hay and alfalfa-concen- 
trate pellets increased, but NFE decreased. It is possible that soluble portions 
of NFE might be leached from the feed by the saliva and lost in sampling. If this 
effect occurred, it would explain the results obtained, although these soluble 
carbohydrates should be collected with the esophageal fistula. Esophageal fistula 
samples usually contained more NFE than rumen fistula samples, but this effect 
was statistically significant only when alfalfa hay was fed. The reason for the 
increase in crude fiber in fistula samples, using alfalfa-concentrate pellets and 
grass hay, is not clear. The approximate analysis adds up to 100% ; therefore, 
a change in the value of one constituent should cause relative changes in the 
values of the others. Thus, indirectly, the decrease in NFE may account for some 
of the increase of crude fiber in fistula samples. NFE and erude fiber accounted 
for more than 60% of the composition of roughages. Over-all NFE decreased 
significantly less with alfalfa hay than it did on other feeds involved in this 
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study ; in fact, NFE did not decrease on esophageal-fistula samples of this feed. 
The majority of the alfalfa used in this study was low in NFE because soluble 
constituents were leached by rain. Less NFE was available at the time of collec- 
tion which, in turn, resulted in less difference between the feed and the fistula 
sample. The decrease in crude fiber in esophageal-fistula samples may be caused 
by incomplete collection. The more fibrous parts of the bolus may have continued 
down the esophagus while the less fibrous and smaller portions were collected. 
When fistulated cattle were fed coarse alfalfa hay, the esophageal-fistula samples 
were 5% higher in protein than the rumen-fistula samples. Since the protein is 
primarily in the leaves, these data would support the above hypothesis. This 
difference did not approach significance because of the large variation associated 
with this coarse feed. More data are needed to test this hypothesis. 

Energy decreased in all cases in fistula samples, although it was not significant 
with rumen-fistula samples of grass hay or alfalfa-concentrate pellets. This 
decrease was small and apparently due to ash contamination. When energy was 
calculated on an ash-free basis, the fistula samples were significantly higher 
in all cases than the feed. If the fistula samples were corrected for the caloric 
content of the saliva, there probably would be no change of energy when caleu- 
lated on an ash-free basis, and on a dry weight basis the decrease due to the dilu- 
tion of organic matter with ash would be even greater. The caloric content of the 
saliva was not determined. 

The most striking changes in chemical composition of fistula samples occurred 
in the mineral matter. Ash increased highly significantly in all cases on fistula 
samples. Closer examination of the data indicated that ash increased significantly 
more on coarse, fibrous alfalfa than it did on collections made with succulent 
alfalfa, grass hay, and alfalfa-concentrate pellets. Phosphorus also increased 
significantly (P < .01) on all fistula samples; however, the increase was sig- 
nificantly greater on rumen-fistula than on esophageal-fistula collections. Calcium 
increased slightly in fistula samples, but not significantly. 

The effect of hay consumption on salivary secretion (Table 2) indicated that 
for the first pound of hay consumed, there were 4.5 lb. of saliva secreted and 


TABLE 2 
Effect of hay consumption on salivary secretion 





Pounds of hay consumed 1.00 2.00 3.00 
Pounds of sample collected 5.59 10.10 14.75 


Pounds of saliva secreted 4.49 8.10 11.75 





for every pound thereafter, up to 3 lb., an additional 3.6 lb. of saliva were 
secreted. Other roughages may behave differently in their effect on salivary 
secretion. 

Analysis of saliva (Table 3) indicated that the dry matter .s mainly ash. 
Calcium was recorded in only trace amounts. McDougall (6) obtained similar 
values for the same constituents in sheep’s saliva. With the assumption that all 
tests were involved with approximately 2 lb. of feed, an animal would secrete 8.1 
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TABLE 3 


Average composition of four samples of bovine saliva 


P Na K 
Dry Organie Total in in in in in in 
matter matter ash saliva ash saliva ash saliva ash 
- (%) 





1.06 0.21 0.85 0.03 3.61 0.33 39.52 0.03 4.08 
lb. of saliva, which would account for the increase in ash, phosphorus, and 
calcium contamination of the fistula sample. 

Those fistula samples of coarse type feeds containing more ash may have 
resulted from greater salivary secretion. Although quantitative data were not 
available for evaluating the effect of different roughages on salivary secretion, 
it appears that both the amount and kind of roughage influence the secretion rate. 
Greater phosphorus contamination of the rumen-fistula sample, when compared 
to the esophageal-fistula sample, may be due to contamination from the rumen 
wall. 

Repeated fistula sampling had little effect on the composition of the fistula 
samples. The amount of calcium was significantly different from the fourth period 
when compared to Period One. No other changes were observed with any of the 
constituents. 

The correlations between the composition of the feed and the fistula sample 
were high and statistically highly significant for most constituents. Since a 
variation exists between types of feed, with a high correlation between the 
composition of feed and fistula samples, the fistula sample probably represents 
the best estimate of the composition of grazed forage until adequate comparisons 
of grazed forage, or forage similar to grazed, have been made. It is doubtful if 
regression equations calculated from hay and fistula samples of hay could cor- 
rectly apply to succulent pastures. 

The collection techniques were successfully applied to pasture studies. Both 
rumen-fistulated and esophageal-fistulated animals were used as sampling agents. 
Botanical analyses of the collected samples on irrigated pasture indicated that 
grass could easily be distinguished from broad-leaved plants. No attempt was 
made to distinguish clovers from other broad-leaved plants. 
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TECHNICAL NOTE 


OBSERVATIONS ON THE ACCURACY OF THE GRADUATIONS OF 


BABCOCK MILK 


According to the laws of New York State, the 
maximum error in the total graduation, or in 
any part of the graduation of a Babcock test 
bottle, must not exceed the volume of the smallest 
graduation. All bottles used for commercial and 
official testing in the state are checked to insure 
that they meet this requirement. 

For use in research, we wished to seleet bottles 
having errors much less than the legal tolerance. 
In order to select such bottles, we constructed a 
salibrating syringe. Mereury was forced into 
the necks of the inverted bottles by a plunger 
whose movement was measured by means of a 
micrometer graduated to read directly in hun- 
dredths of a millimeter. Micrometer readings 
were recorded at 2% intervals on the gradua- 
tions. Great care was observed to control re- 
flections in the meniscus, and to avoid errors 
of parallax. The true values of the graduations 
were calculated from the movement and diameter 
of the plunger. 

The reproducibility of measurements with this 
instrument was tested by asking 11 different 
people to make measurements on the same test 
bottle. Because some made two sets of observa- 
tions, 18 sets are available for the comparison 
shown in Table 1. 

From these measurements made by individuals 
with no previous experience, it is evident that 
significant measurements can be made under test 


TABLE 1 
A comparison of 18 sets of measurements made by 
11 people on the same test bottle 


Stand- 
: Measured value ard 

% - - _ devia- 
Marked Mean Max. Min. Spread tion 
2.0 1.9990 2.007 1.974 .033 .008 
4.0 4.0007 4.013 3.985 .028 .009 
6.0 5.9976 6.012 5.980 .032 .009 
8.0 7.9827 8.002 7.962 040 010 


TEST BOTTLES 


conditions to 0.01%. The mean values indicate 
an amazing accuracy for this particular bottle, 
which was picked at random from stock. 

Twenty-four milk test bottles (Kimble No. 
1000) were taken from the supply on hand and 
all were tested by the same individual. The 
results of these measurements are shown in 
Table 2. Most of the bottles showed errors of 
increasing magnitude of the same sign, either 
plus or minus, along the seale. This suggests 
that the major source of error in calibration is 
in the initial measurement of the distance be- 
tween the 0 and 8% marks, and not in irregu- 
larities in the diameter of the neck. 


TABLE 2 


Errors found in the graduation of 
24 milk test bottles 


Standard 


: Measured value deviation 
% : from 
Marked Mean Max. Min. marked value 
2.0 1.9997 2.015 1.986 .0075 
4.0 3.9993 4.030 3.977 .0135 
6.0 5.9924 6.033 5.959 0182 
8.0 7.9874 8.040 7.946 0255 


It must be recognized that 24 bottles constitute 
an exceedingly small sample of those in use. 
Nevertheless, the data indicate that Babeock 
bottles can be graduated quite accurately, and 
that the accuracy of Babcock testing is not 
limited by the aceuracy of calibration of the 
bottles. 

B. L. HERRINGTON 

AND 
R. A. SCANLAN 
Department of Dairy Industry, 
Cornell University, Ithaca, 
New York 
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AUTOXIDATION OF MILK LIPIDS. I. IDENTIFICATION OF 
VOLATILE MONOCARBONYL COMPOUNDS FROM 
AUTOXIDIZED MILK FAT 


E. A. DAY anp D. A. LILLARD 
Department of Food and Dairy Technology, Oregon State College, Corvallis 


The reaction of atmospheric oxygen with milk lipids (autoxidation) causes 
development of oxidized flavors in many dairy products. The dairy industry has 
been cognizant of this problem for over a half-century, yet a complete under- 
standing of the chemical reactions involved and means for preventing oxidized 
flavors are still forthcoming. It is known that when fat oxidizes, carbonyl 
compounds are produced which are major contributors to the oxidized flavor 
defect. The chemical identity of these compounds is not complete. Such informa- 
tion would be helpful in at least two ways. First, it would be useful for develop- 
ing an objective chemical test for quality control purposes. Most chemical tests 
heretofore used are termed indirect, that is, they do not measure the amount of 
oxidized flavor compounds but measure some other chemical property indicative of 
the oxidation reaction. These indirect tests have not given good correlations with 
sensory tests and it is believed that a measurement of the flavor compounds 
would be more satisfactory. Secondly, chemical identity of the carbonyl com- 
pounds of oxidized milk lipids would give us a better understanding of the 
effects of environmental conditions on the types of flavor compounds produced 
and the mechanisms of oxidation reactions. This information may reveal better 
methods for inhibiting this objectionable reaction in dairy products. 

The purpose of this investigation was to identify the carbonyl compounds 
resulting from the autoxidation of milk fat and to determine their approximate 
concentrations in the fat. Several samples of milk fat were allowed to oxidize 
to different stages, the volatile carbonyl compounds were isolated, and 18 of these 
compounds were identified. Some occurred at relatively high concentrations, 
whereas others were found in trace amounts. The proportionate amount of each 
of the compounds comprising the mixture undoubtedly is critical in determining 
the character of the oxidized flavor. Some of the compounds in oxidized milk 
fat are identical to those in oxidized milk phospholipid systems, but there are 
also differences in some of the compounds. The fact that some of the compounds 
reported in oxidized phospholipid systems were not in milk fat, coupled with 
the importance of the proportionate concentration of each compound in the 
mixture on flavor character, may help to explain the reported differences in 
oxidized flavors for fluid milk and milk fat systems. 

In fiuid milk, the phospholipid fraction is concentrated on the fat globule 
surface and is exposed to oxygen. Furthermore, the phospholipid fraction con- 
tains a high concentration of unsaturated fatty acids. These acids are believed 
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to be the initial sites for oxidation and it has been assumed, therefore, that the 
oxidized flavor of fluid milk arises from the phospholipid fraction. In the case 
of milk fat, a large portion of the phospholipids is lost during preparation of 
the fat and that remaining in the fat may be distributed throughout the system. 
Therefore, phospholipid oxidation may be of secondary importance during the 
oxidation of milk fat. This reasoning has been used by many investigators to 
explain the difference in the character of oxidized flavors in fluid milk and in 
milk fat. This paper supports this viewpoint. 


CHEMICAL COMPOSITION OF MILK?! 


T. A. NICKERSON 
Department of Food Science and Technology 
University of California, Davis 


Changes in composition influence the stability of milk during processing or 
result in defects in cheese, ice cream, evaporated milk, or other dairy products. 
Many factors are known to influence milk composition, such as breed, stage of 
lactation, environment, and feeding and management practices. However, little 
information is available on the extent of these compositional changes in bulk milk 
supplies; nor is it possible to predict how much variation might occur in a milk 
supply during the year. 

Milk samples were received biweekly from six major milk-producing areas 
of California. These areas exemplify differences in feed and management prac- 
tices as well as in breed. Data from 258 milk samples collected during a 21-mo. 
period were analyzed for 23 components. In addition to total solids, fat, and 
solids-not-fat, protein fractions and mineral constituents also were determined. 

The differences in composition of the milk from the different areas are 
summarized in tabular form. Statistical significance of compositional differences 
of milks from different areas and by season also are given. The area differences 
reflect variations primarily due to breed and are significant for most constituents ; 
exceptions—soluble organic phosphorus, citric acid, and magnesium. Most con- 
stituents also show seasonal changes, with a few exceptions. Usually, they are 
at their lowest levels in May, June, and July and at their highest levels in Novem- 
ber, December, and January. 

Five constituents—total soluble phosphorus, soluble inorganic phosphorus, 
soluble organic phosphorus, citric acid, and magnesium—show greater compo- 
sitional variations due to seasonal changes than due to area differences. These 
constituents may be responsible for the processing difficulties or defective dairy 
products that result from seasonal changes in milk composition. 


‘This study was supported in part by funds from the California Dairy Industry Advisory 
Board. 
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COMPARATIVE ACCURACY OF THE PLASTIC BEAD METHOD OF 
GOLDING AND THE LACTOMETER METHOD OF WATSON FOR 
ROUTINE DETERMINATION OF SOLIDS-NOT-FAT IN MILK 


R. E. ERB, L. J. MANUS, anv U. S. ASHWORTH 


Department of Dairy Science, Washington State University, Pullman 


A rapid and practical solids-not-fat (SNF) test for cow’s milk has four major 
uses. These are: (a) for purposes of selective breeding; (b) pricing of milk on 
its total composition ; (c) rapid determination of solids in certain manufacturing 
processes, and (d) screening samples of milk for possible water adulteration. 

The lactometer method, now in use over 50 yr., has become the most common 
method for determining the density of milk. Formulae for converting density 
measurements to per cent SNF are used. 

Though lactometers are of acceptable accuracy for most purposes, they have 
not gained widespread field use because of their fragility, sensitivity to small 
changes in temperature, quantity of sample required for testing, and the time 
required to test a large volume of samples. 

In 1957, N. S. Golding described a method for determing SNF, using plastic 
density beads. Polymethylstyrene (CYMAC 400), the plastic used, reaches con- 
stant density when annealed, is practically the same as water in coefficient of 
thermal expansion between 66 and 76° F., and is completely insoluble in water, 
milk, and detergents. Ten beads, each 5/16 in. in diameter and varying in density 
1 mg. through a specific gravity range of 1.025—1.034, are placed in 4-o0z. screw- 
cap sample jars. Milk is sampled directly into these jars. After tempering at 
104° F. for 5 min. the milk samples are thoroughly mixed and cooled. At 68° F. 
the number of plastic beads on the bottom of the jar are counted. 

The purpose of this study was twofold, namely: (a) to develop an average 
conversion formula based on milk samples from many cows and (b) to compare 
the relative accuracy of the plastic beads and the large lactometer of Watson’s, 
using the gravimetric assay for reference values. 

The conversion formula for plastic beads is: per cent SNF = 9.13 — 0.279 B 
+ 0.307% F where B is the number of plastic beads sinking at 68° F. and per cent 
F is the percentage fat in the milk. This formula was calculated using results 
from 1,873 milk samples from Guernsey, Holstein, and Jersey cows in 53 herds. 

In a second experiment, using 300 milk samples from six breeds, the plastic 
bead test for per cent SNF was compared with the lactometer. As compared 
with the per cent SNF determined from gravimetric assay, two samples out of 
every three were within 0.17% SNF for the lactometer and 0.18% SNF for the 
plastic beads. The plastic bead test has the same relative accuracy as the lac- 
tometer and each is sufficiently accurate for the routine testing of milk of 
individual cows for per cent SNF. The plastic bead test is simpler and more 
rapid. Approximately 100 determinations can be made per hour by DHIA 
supervisors. 
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AN IMPROVED PROCEDURE FOR THE DETERMINATION OF 
MILK PROTEINS BY DYE BINDING 


U. S. ASHWORTH, RUPERT SEALS* anp R. E. ERB 


Department of Dairy Science, Washington State University, Pullman 


The Kjeldahl procedure for determining protein is accurate, but it is time- 
consuming. As a result, simpler and more rapid procedures have been sought. 
Breeders of dairy cattle are eager for such a test because they recognize the 
nutritional qualities of milk proteins and would like to have a more effective 
means of making the consumers aware of milk’s most valuable nutrient, the 
proteins. By selective breeding many visualize increasing milk protein. Udy first 
developed the Orange G dye method as a means for selecting wheat varieties 
based upon their protein content. 

The cheese industry has also recognized the need for a rapid protein method, 
since the yield of cheese depends upon the protein content of the milk. Some 
believe that the pricing of milk should be based upon a formula which includes 
the protein as well as the fat content. 

The dye-binding method depends upon the fact that Orange G in acid solu- 
tion forms an insoluble complex with milk proteins. Within certain limits of 
dye and protein concentration, the dye removed from solution is proportional to 
the quantity of protein present. The procedure is rapid and simple. An auto- 
matic syringe is used to deliver 1.500 + .003 ml. of milk into 25.00 ml. of the 
dye solution buffered at a pH of 2.0. This mixture should stand for at least 
30 min. and may be stored for as long as 2 wk. at room temperature in a tightly 
stoppered bottle. The insoluble complex is then removed by filtration and the 
amount of dye remaining is determined colorimetrically. 

The present work describes a means for increasing the sensitivity of the 
colorimeter measurements of the dye not bound. The dye-binding procedure then 
has the same precision as the macro-Kjeldahl method, although it must be stand- 
ardized by means of the Kjeldahl method. The standard curve is prepared by 
plotting the colorimeter readings of a series of samples against their known 
protein content. A special flow-through cuvette having a short light path is 
used. Otherwise. a known dilution of the filtrate must be made before the amount 
of dye remaining can be measured. The colorimeter is set at the midpoint of its 
most sensitive range with a standard dye solution containing 0.500 mg. of 
Orange G per milliliter. Most milk samples give readings close to this value. 

The amount of dye bound per unit weight of protein designated as the dye- 
binding capacity (DBC) varies from a value of 0.25 for whey proteins to 0.00 
for nonprotein nitrogen. In spite of this variation, the mixed proteins of 


1 Present address: Tennessee Agricultural and Industrial State University, Nashville. 
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milk give a remarkably constant value for the DBC. Variations in the contents 
of either butterfat or lactose are without effect on the dye binding of the protein. 

This improved procedure was statistically compared with the macro-Kjeldahl 
method on 345 milk milk samples from six breeds. The correlation was .98. Two- 
thirds of the samples run by dye binding were within 0.08% protein of the 
Kjeldahl values. There were no significant breed differences. Duplicate dye- 
binding determinations are unnecesséry, since only one determination out of 20 
is in error more than 0.06% protein, as compared with the average of duplicate 
readings. 

This method, as accurate as macro-Kjeldahl, can be done as rapidly as the 
Babeock test for milk butterfat. Since the protein dye complex is stable in the 
reagent solution in tightly stoppered bottles for at least 2 wk. at room tempera- 
ture, shipment of samples to central laboratories for final determination is 
practical. 


STUDIES ON MILK POWDERS. IV. THE FOAM AND SEDIMENT 
FRACTIONS OF RECONSTITUTED WHOLE MILK 


E. R. SAMUELS, A. COFFIN, J. P. JULIEN, anp B. E. BAKER 


Macdonald College of MeGill University, Quebec, Canada 


Reconstituted whole milk usually contains insoluble material. Some of this 
insoluble material may be observed as a foam or scum at the surface of the milk 
and as a sediment which deposits upon low-speed centrifugation of the milk. The 
scum coats the side of the container and gives the milk a displeasing appearance. 

The present work was undertaken in the hope that more precise information 
concerning the composition of these materials would suggest changes in the 
conditions of manufacture of whole milk powder, which would prevent their 
formation in reconstituted milk. 

Sizeable quantities of seum and sediment were isolated from reconstituted 
whole milk. The fractions were extracted with ether and various analyses were 
made on the ether-soluble and the ether-insoluble portions of eacn fraction. 

Melting point and iodine value determinations on the ether-extractable 
portions of the foam and sediment indicated that the fat of the sediment con- 
tained a higher proportion of unsaturated fatty acids than did the fat of the 
foam. This was confirmed by the results of the fatty acid determinations. 

Electrophoretic analysis of the ether-insoluble portions of the foam and sedi- 
ment showed that the major protein constituent of the sediment was beta-lacto- 
globulin, and that of the foam was casein. 
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SOME BIOCHEMICAL CONSTITUENTS IN SERUM, CEREBROSPINAL 
FLUID, AND AQUEOUS HUMOR OF VITAMIN A 
DEFICIENT HOLSTEIN CALVES 


B. A. DEHORITY, D. G. HAZZARD, H. D. EATON, A. P. GRIFO, JR., 
AND J. E. ROUSSEAU, JR. 


Animal Industries Department 


Cc. F. HUMBOLDT anp E. L. JUNGHERR 
Animal Diseases Department 


AND 


D. G. GOSSLEE 
Storrs (Conn.) Agricultural Experiment Station, Storrs 


While vitamin A is known to be involved in several relatively specific func- 
tions in most animals, the first change observed in experimentally produced 
vitamin A deficiency of several species, calf, chick, rabbit, and pig, is an elevation 
in the spinal fluid pressure. Since the causes(s) of this increased pressure is not 
known, some biochemical constituents in spinal fluid of vitamin A deficient 
ealves were determined so as to gain possible insight into the cause of the 
increased pressure. Aqueous humor, the watery fluid filling the anterior chamber 
of the eye, and blood serum were also included, since aqueous humor is formed 
of the majority of biochemical constituents occurring in fluid and aqueous humor. 

Sixteen male Holstein calves, partially depleted of their vitamin A reserves, 
were each fed daily for a 16-wk. period one of four carotene intakes, the lower 
two chosen to give marked increases in spinal fluid pressure, the next slight 
inerease, and the highest no elevation. Just prior to or upon the termination of 
the 16-wk. carotene feeding period, the expected response in spinal fluid pressure 
was observed. The pressure within the eye, intraocular pressure, was not affected 
by carotene intake. As would be anticipated, both blood and liver concentrations 
of vitamin A were directly associated with carotene intake. No other biochemical 
constituents of blood serum exhibited consistent trends with increasing carotene 
intake, but in spinal fluid potassium decreased slightly with increase in carotene 
intake. In contrast to serum and spinal fluid, the biochemical constituents de- 
termined in aqueous humor showed change with an increase in carotene intake. 
These changes were also accompanied by greater osmotic pressure of those calves 
fed the lower three carotene intakes. 

This experiment did not provide information as to causes of the increased 
spinal fluid pressure in vitamin A deficient calves. However, the observed 
changes in spinal fluid pressure probably can not be attributed to the transfer 
of water from serum to spinal fluid, which would be anticipated, for example, 
if a change in the osmotic pressure of these fluids had occurred. Thus, the hy- 
pothesis of Millen and Dickson, 1957, that increased spinal fluid pressure is due 
to an overproduction and/or an obstruction at the sites of absorption, resulting 
in greater volume of fluid within the relatively fixed space of the central 
nervous system, is supported by the results of this experiment. 
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Why changes in concentrations of some of the constituents of aqueous humor, 
as well as increased osmotic pressure, were accompanied by no increase in pres- 
sure within the eye, require further experimentation. 


NUTRITIONAL MUSCULAR DYSTROPHY IN CALVES. II. ADDITION 
OF SELENIUM AND TOCOPHEROL TO A BASAL, DYSTRO- 
PHOGENIC DIET CONTAINING COD-LIVER OIL 


D. C. MAPLESDEN’* anp J. K. LOOSLI 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


White muscle disease, muscular dystrophy, causes severe losses of dairy and 
beef calves at times in certain areas. Alpha-tocopherol (vitamin E) therapy has 
been effective sometimes in curing the disease, which occurs under practical live- 
stock production, but at other times the vitamin has been ineffective. Recently, 
selenium has prevented a similar disease in young lambs, but its effectiveness 
for calves had not been investigated. 

Nutritional muscular dystrophy was produced in young dairy calves by feed- 
ing them a semi-purified milk diet containing cod-liver oil, but low in tocopherol. 
Calves on this diet remained healthy when they received a daily supplement of 
200 mg. of alpha-tocopherol acetate. Muscle dystrophy was not prevented by 
1 p.p.m. of selenium. Since lambs respond to such a dose, it is not known whether 
the basal diet, which contained 0.3 p.p.m. of selenium, already contained enough 
so that an additional amount could not show a response, whether the dose was 
too small, or whether a specie difference is involved. 

Degeneration of the Purkinje fibers of the heart was uniformly observed, 
along with changes in the skeletal muscle and tongue muscle. Death of calves 
from heart failure, which is often seen on farms but was not observed in the 
experimental calves because they were sacrificed too soon and not subjected to 
stress, can easily be explained by the Purkinje fiber degeneration. 

Blood plasma magnesium levels declined throughout the experiment in all 
calves and was not related to supplements fed. No evidence of magnesium 
deficiency was seen. 


? Present address: Ontario Veterinary College, Guelph, Ontario, Canada. 


OBSERVATIONS ON THE RUMINAL MICROORGANISMS OF 
ISOLATED AND INOCULATED CALVES 


M. P. BRYANT anp NOLA SMALL‘ 
Dairy Cattle Research Branch, Beltsville, Maryland 


Studies at the Ohio station have indicated that under some conditions, such 
as when separated from mature cattle shortly after birth, calves may be slow 


* Present address: 2nd Army Medical Laboratory, Fort George Meade, Maryland. 
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in developing certain ruminal bacteria and protozoa typical of adult cattle. 
It was found that the oral administration of cud material or ruminal contents 
from adult cattle resulted in the more rapid establishment of these micro- 
organisms in the calf rumen. It was suggested that inoculation of calves fed high 
roughage rations might have a favorable effect on the calf. 

Studies have indicated that some physiological differences are apparent in 
ealves that contain or do not contain these indicator organisms. However, in 
more direct measures of calf performance, such as weight gains and feed effi- 
ciency, the Ohio workers found no differences. 

Data on calf performance as affected by inoculation have been collected by 
many other workers and conelusions have varied, although most workers in this 
country and in the United Kingdom found no favorable effect. However, in 
most of these studies clear-cut conclusions as to whether inoculation speeded the 
development of the typical ruminal flora or whether satisfactory calf performance 
could be obtained without the rapid development of the typical ruminal flora 
could not be made. 

Also, when the bacteria were studied, they were observed only under the 
microscope and their physiological significance in the rumen was not known. 

In recent years, considerable progress has been made in the culture and identi- 
fication of bacteria that are of functional significance in the rumen. The present 
work was undertaken to determine if the culturable bacterial flora of the rumen 
of young calves could be modified from normal by rather strict isolation from 
other ruminants, and to determine if inoculation of calves with ruminal contents 
from a mature animal might accelerate the development of the flora typical of 
mature animals. 

The numbers and kinds of predominant culturable bacteria in the rumen of 
three calves raised under normal conditions but inoculated with whole rumen 
contents were compared with similar data on two calves managed in the same 
manner, except that they were not inoculated and were isolated from other 
ruminants to a far greater degree than is likeiy under practical farm conditions. 
Data were compared with those previously obtained on normally raised calves. 

Inoculation of normally raised calves had little effect on the establishment of 
predominant bacteria typical of mature cattle but, as indicated by others, greatly 
decreased the time necessary to establish the ciliate protozoa. 

The results conclusively demonstrated that, by strict isolation of calves 
from other ruminants, the bacterial flora can be altered from normal. The 
predominant species in calves up to 17 wk. of age were mainly different from 
those normally predominating. 

Although the number of animals was small, the isolated calves containing the 
abnormal flora appeared to be as healthy, consumed as much feed, and made as 


good weight gains as the other animals. 
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EFFECTS OF FEEDING AUREOMYCIN! TO LACTATING COWS? 


LOUIS J. BOYD, H. D. BAXTER, J. B. McLAREN, anp J. R. NICHOLS * 


Tennessee Agricultural Experiment Station, Knoxville 


Previous work has shown that the feeding of aureomycin to ruminants helped 
combat certain infectious diseases and when low levels were fed to lactating 
cows none of the antibiotic was found in the blood or milk from these animals. 
In November, 1957, the Food and Drug Administration released the feeding of 
aureomycin to dairy cows if fed at the recommended level of 0.1 mg. aureomycin 
daily per pound of body weight. Subsequent reports indicating higher milk 
production from supplemented cows stimulated much interest among dairymen, 
and this study was made to gain more information as to the response of lactating 
animals when fed aureomycin at recommended levels. 

Sixty-two pairs of lactating cows (33 Jersey and 29 Holstein pairs), located 
in four of the University dairy herds, were used in the study. Aureomycin was 
fed daily for 12 wk. during the winter months. Sufficient Aurofac 2A (3,600 mg. 
aureomycin per pound) was fed daily to furnish aureomycin at the rate of 0.1 mg. 
per pound of body weight. Aureomycin was introduced into the retion gradually 
and fed to each cow on the basis of the average body weight of each breed in each 
herd. 

The average daily production of 4% FCM was 33.0 lb. for the aureomycin- 
fed cows and 32.7 lb. for the controls. The supplemented cows started on the 
experiment at a higher level of production and declined at approximately the same 
rate as the controls. Seven control and ten aureomycin-fed cows were treated 
one or more times for mastitis, whereas four controls and six cows in the aureo- 
mycin group were treated one or more times for foot rot. 

No harmful effects were observed from feeding aureomycin to dairy cows 
at the rate of 0.1 mg. per pound of body weight. In this experiment, the addition 
of aureomycin to the dairy ration failed to produce an advantage in milk pro- 
duction during a 12-wk. period. Likewise, there was no significant difference 
between aureomycin-fed and control cows in body weight changes or in the 
resistance to mastitis, foot rot, or other bacterial infections. Even when cows 
were continued on the study for 6 mo., no differences were noted. 


1Trademark of the American Cyanamid Company for the antibiotic, chlortetracycline, 
which was furnished by the American Cyanamid Company, Princeton, New Jersey. 

2A portion of this work was conducted in cooperation with the Dairy Cattle Research 
Branch, Beltsville, Maryland. 

* Current address: Department of Dairy Science, Pennsylvania State University, Univer- 


sity Park. 
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CORRELATION OF MILK PRODUCTION WITH QUALITY AND 
QUANTITY OF HERBAGE INTAKE UNDER ROTATIONAL 
AND DAILY STRIP GRAZING 


A. L. BRUNDAGE anp W. J. SWEETMAN 
Alaska Agricultural Experiment Station, Palmer 


Unlike other forages, which are harvested and hand-fed to dairy cattle, 
pasture herbage is selected and consumed by the grazing animal without human 
intervention. This intimate relationship between pasture and animal has long 
precluded direct measurement of grazing intake. The discovery that fecal con- 
centrations of plant pigments could be used as indices to their concentration 
in the consumed plants permitted indirect digestibility estimates of herbage 
freely consumed by the grazing cow. The quantity of pasture intake could then 
be estimated from herbage digestibility and total fecal output, the latter being 
measured directly by total collection or indirectly through the use of an inert 
marker, chromium oxide. 

The relationship between cow and pasture is not static, but is in a constant 
state of flux. The combined plant pigment-chromium oxide techniques were 
used in these investigations to examine the day-to-day variations in quality and 
quantity of pasture intake under rotational and strip grazing. Daily fecal 
samples were combined into consecutive three-day samples, dropping one day and 
adding one day with each succeeding sample, to provide daily estimates of intake 
while retaining the advantages of composite samples. 

Under rotational grazing, herbage digestibility was closely associated with 
rotations between paddocks. Digestibility rapidly increased when a new paddock 
was entered, and then declined steadily as the paddock was grazed down. Pasture 
intake was more erratic, however, and did not show the clearly defined cyclic 
pattern of digestibility. 

Both digestibility and intake appeared to be less variable under strip grazing, 
neither exhibiting the range in values or the regularity of change found under 
rotational grazing. By limiting selection to one day’s allowance of pasture, the 
strip grazing system forced the animals to select a more uniform diet. That 
this was not at the expense of quality of intake is shown by the higher average 
herbage digestibility under strip grazing: 67.3 and 64.3% vs. 65.5 and 63.2% 
under rotational grazi.g. 

The relationship of milk production to daily quality and quantity of herbage 
intake was studied through multiple correlation and regression analyses. Milk 
production was inversely related to time, representing the normal decline with 
advancing lactation. Milk production was also inversely related to live weight 
changes, corresponding to live weight increases with advancing lactation. Pro- 
duction was directly associated with herbage digestibility, even under the rela- 
tively uniform diet imposed by strip grazing. Although production under strip 
grazing was related to time, live weight, and digestibility only, it was also 
directly related to pasture intake under rotational grazing. 
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DEVELOPMENT OF TECHNIQUES FOR 
EVALUATING GRAZED FORAGE 


A. L. LESPERANCE, V. R. BOHMAN, anp D. W. MARBLE 


Department of Animal Husbandry and Veterinary Science 
University of Nevada, Reno 


It has long been desirable to obtain a suitable method by which the nutritive 
value of various range and pasture forages could be determined as grazed by the 
animal. Early workers were hampered in forage research because they could not 
devise a practical means to accurately measure consumption under grazing con- 
ditions. Recent developments using the animal to sample the forage offer the 
first major advances in evaluating grazed forage. 

It was the purpose of this study to develop suitable biological sampling tech- 
niques with steers that would measure the nutritive value of grazed forage and 
also determine the composition of freshly consumed feed as collected through 
different types of fistulas. 

Rumen and esophageal fistulas were used. In esophageal-fistulated animals 
forage was collected by placing a suitable container under the open fistula while 
the animal was consuming feed. Collections were made from rumen-fistulated 
animals by removing all the rumen contents and allowing the animal to consume 
the feed. The fresh sample was then removed, and the rumen contents replaced. 
When not in use, fistulas were closed by various types of plugs. 

In this study rumen fistulas were more successful than esophageal fistulas. 
Although esophageal fistulas would appear to be best for this type of work, 
further refinements will be needed before they will become as useful as rumen 
fistulas in evaluating forage. 

The relative amounts of organic constituents were modified by fistula sampling. 
No changes were noted in the amounts of ether extract and protein. Fistula 
samples contained more crude fiber and less nitrogen-free extract (NFE), when 
compared to the chemical composition of the same feed samples before sampling. 
Energy was lower in fistula-collected samples. Apparently, the more soluble 
portions of NFE were leached from the feed by the addition of saliva and lost in 
sampling. This loss of NFE would tend to concentrate the crude fiber, which 
would explain the higher content of crude fiber in the fistula sample. 

Ash and phosphorus were higher in all fistula samples. Measuring the amount 
and composition of saliva excreted while consuming the various feeds accounted 
for the increase both in ash and in phosphorus in the fistula samples. 
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IMPROVING DAIRY CATTLE BY BREEDING. I. 


CURRENT 


STATUS AND OUTLOOK! 


Jay L. LusH 


Department of Animal Husbandry, Iowa State University, Ames 


For brevity, I will speak in terms of im- 
proving production, although the dairyman’s 
ideal involves also efficiency of feed use, type, 
longevity, ete.—these often being combined 
in complicated ways. High producing ability 
is always more desirable than low producing 
ability. Other things being equal, the higher 
producing cow will make her owner more profit 
(or at least will cause him less loss) than the 
low producing one, no matter what may be the 
general level of profitability or unprofitability 
of dairying as an enterprise compared with 
alternative enterprises. 


PRESENT RATES OF PROGRESS 


Genetic improvement can approach 1% per 
year if we concentrate entirely on production, 
eull the lowest producers as fast as we can 
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Fig. 1. Expected results of mass selection. 


spare them, and use in natural service only 
the sons of the highest producing cows. The 
argument, somewhat oversimplified, runs about 
as follows and is illustrated numerically in 
Figure 1. 

Progress (A) per generation, as a result of 
mass selection, is the product of three factors: 
A = (aeceuraey) (genie variability) (intensity). 
If any one of these three is zero, progress will 


*Presented in a Symposium at the American 
Dairy Science Association’s Meeting at Urbana, 
Illinois, June 17, 1959. Journal Paper No. J-3780 
of the Iowa Agricultural Experiment Station. 
Project No. 1053. 


be zero, no matter how high the other two may 
be. . 

Accuracy is the correlation between an ani- 
mal’s real transmitting ability and what we 
think that ability is. For butterfat it is about 
4 to .5 for cows with only a first lactation, 
and rises to around .55 to .65 for cows with 
three lactations. For progeny-tested bulls, it 
may be anywhere from lower than .3, where the 
daughters were few and all in one herd and 
nearly contemporary, to upwards of .7, where 
the daughters are many and are either scattered 
through many herds or corrections for herd 
differences were made almost perfectly. Progeny 
tests are rarely as accurate as .8 although, 
theoretically, they could approach 1.0 under 
ideal circumstances. 


Genic variability (the additively genetic 
standard deviation is the technical genetic 
term) can seareely be changed at all by the 


breeder. Within the pure lines of classical ge- 
neties, it is zero. Selection within such pure 
lines produces no results. But breeds of dairy 
cattle contain much genetic variation and are 
far from being pure lines as the geneticists use 
that term. The genic variation in lactation 
butterfat yields is about 30 to 40 lb. I will use 
35 in the numerical example, as corresponding 
to an observed standard deviation of 80 lb. and 
a heritability of 1/5. 

Intensity is maximum when selection is 
strictly on the item under consideration, with 
no exceptions and no attention to anything else. 
Under those circumstances, and if the distribu- 
tion is what statisticians call normal, the figure 
for intensity depends entirely on how large a 
fraction must be saved. Some of the values it 
takes are: 





Fraction saved Intensity 

.80 35 
.70 50 
60 .64 
20 1.40 
10 1.76 
01 2.67 

3.37 


001 


The first three rows include the possibilities for 
culling cows. The next two show roughly what 
might be done in selecting the dams of bulls, 
if the bulls are to be used in natural service. 
The last two lines are getting near the limits 
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of what can be done in selecting bulls if arti- 
ficial breeding is used. The actual intensity will 
be less than these figures, perhaps far less, 
for several reasons, such as: (1) paying atten- 
tion to other things in the selections and cullings, 
(2) selling some of the good ones to hold and 
please customers, (3) not finding some of the 
potential good ones because they were not tested, 
ete. 

Figure 1 shows, as a numerical example, what 
we would expect if in each generation we culled 
the 30% of the cows which have the lowest ree- 
ords and saved sons only from (a) the highest 
10% of the cows, (b) the highest 1% of the 
cows, or (e) the highest 1/10% of the cows. The 
figures in the grandam’s place in the pedigrees 
are the pounds of fat in breeding value we would 
expect such selection to have made those gran- 
dams to average above the generation in which 
they were born. 

After the first generation, the expected prog- 
ress with each additional generation is 44 (the 
total improvement in the two grandams). With 
4 or 5 yr. to the cattle generation, and starting 
with a herd averaging 400 lb., this yields a rate 
cf improvement as follows: 














Per Per cent 

generation Per year per year 
(a) 9 2 0.5 
(b) 12% 2.8 0.7 
3.5 0.9 


(e) 15% 





In this example, it was assumed that attention 
was concentrated wholly on production. We are 
likely to fall far short of that. On the other 
hand, no use was made of sib tests, progeny 
tests, or any pedigree information, except to 
choose bulls according to the production of their 
dams. We will do better than that, but doing so 
will require that we slacken the intensity 
of individual selection assumed here, so the 
change is not all pure gain. 

Robertson and Rendel in 1950 (Journal of 
Geneties, 50:1-8 and 21-31), using the same 
argument but a slightly higher heritability and 
with a bit more optimism about the intensity 
of culling possible, concluded that milk produe- 
tion could be improved about 1% per year. 
This is a convenient figure to remember. I 
don’t think it can be wrong by a factor of as 
much as two, but one must remember that they 
also were computing the maximum rate possible 
biologically. 

Robertson and Rendel went on to ask how 
much this could be raised by the optimum use 
of progeny tests and artificial insemination. 
They computed that the rate thus could be raised 
from 1.0 to 1.69% per year, if as many as 2,000 
cows were being tested in the unit. Most of these 
2,000 would be used for progeny-testing young 
bulls, but the very best cows would be bred to 
those bulls already proved best. Out of these 
matings would come the next crop of young 
bulls to be tested. 


Case |. CASE 2 


a | - £73 
| 


7 | 30 
| )-56 
- ioe L — L./0 


100 7/Verp 169 2/ver 


Fig. 2. Maximum possible percentage improve- 
ment per year. 











Natural service and only the cows 
are selected. 

Case 2. Optimum use of A.I., of progeny 
and sib testing, and of selecting 
cows: 2,000 cows available in the 
unit, for testing young bulls and 
for producing future sires. 


Case 1. 


Later, they concluded that in a still larger 
unit the rate could be raised to 2% per year 
if 10,000 cows could be used for this testing 
and for producing sire candidates. Figure 2 
shows the change in the rate of improvement 
and the shifting of its sources in their two 
cases. 

The figures for the grandsires in Case 2 show 
the familiar fact that much can be accomplished 
by the optimum use of progeny-testing and 
sib-testing. But the lower figures for the gran- 
dams show that the grandsire figures are not 
all net gain. If, for instance, one-fifth of the 
young bulls tested are dead or for other reasons 
not available at five or six, when we first learn 
their proof, and from among the available ones 
we use only the one-fourth with the highest 
proof, then in Case 2 we must start testing five 
times as many bulls as we need to save for use 
in Case 1. This decreases considerably the in- 
tensity of the selection we can practice for 
paternal grandams. And if we do any selecting 
on maternal grandsires, as when we cull a 
cow because her sire had a poor progeny test 
(i.e., because her paternal sisters were poor) 
instead of considering only her own record, 
we automatically must weaken the intensity of 
culling on her own record. 

The effects of dominance and epistasis are 
ineluded here with the effects of variations in 
environment, although they might behave differ- 
ently enough to deserve separate consideration 
in a population where linebreeding or other 
forms of inbreeding are general and intense. 

The ultimate limits to which genetic improve- 
ment can carry a breed seem utterly unpre- 
dictable from any knowledge we have now or 
seem likely to obtain. The rates of improve- 





ment, on the other hand, are as predictable as 
the accuracy of our knowledge of heritability 
(in the narrow sense) and of the intensity of 
selection will permit. The rates of improve- 
ment possible are unlikely to change much 
within as short a time as four or five generations. 
Hence, the unpredictability of the ultimate lim- 
its does not matter in practice. For instance, if 
my breed averages 450 lb. now under average 
HIR conditions and I can improve it now at a 
rate of 4 lb. per year, it is of no practical con- 
cern to me that [ can not know now whether 
the ultimate limit on my breed, with the genes 
it contains now, is 800 lb. or 1,200 lb. If I 
did know that, I would do nothing differently 
now although, of course, it would be pleasant to 
have my curiosity satisfied. The rate of possible 
change may be expected to vary as the popu- 
lation does, but a reappraisal of that every 
four or five cattle-generations is likely to be 
often enough for the practical purposes of 
knowing when to make any major changes in 
actual breeding plans. I need not worry in 
1959 about what I should do in 2059, although 
perhaps I should think a little about what to 
do in 1980, and certainly I should be much con- 
cerned to do the best I can in 1960 and even 
in 1965! 

The actual trends over the last 30 or 40 yr., 
in most countries where dairying is a major 
enterprise, have been an increase of approxi- 
mately 2 lb. of fat per year. These trends may 
be only partly caused by genetic improvement. 
The environment probably has been improving 
also, although no wholly satisfactory method 
for measuring separately the genetic and the 
environmental parts of these actual trends has 
yet been devised. Hence, I see no way to be 
sure whether we are now actually improving 
our cattle genetically only 1/10th as fast as 
we might, or perhaps have been doing as much 
as 50% of the maximum possible. 

Here it is necessary to clarify what is really 
meant when we try to separate a trend into the 
parts caused by genetic and by environmental 
improvement. First, the real increase in our 
knowledge of feeding and other management, 
and in our ability to control illness and para- 
sites, does not necessarily mean that the en- 
vironment to which the individual cow is sub- 
jected has, therefore, actually improved. Pos- 
sibly, the benefits of better nutrition, sanita- 
tion, ete., may have been partly or wholly can- 
celled—so far as the individual cow is con- 
cerned, although certainly not for her owner— 
by keeping the cows in larger herds under more 
crowded conditions with great competition from 
each other, ete. Second, the fact that the aver- 
age cow eats more today than she did 20 yr. 
ago does not prove that her increased produe- 
tion today is caused by our feeding her more. 
For that, we need to know why she eats more 
today. If dairymen do take our advice and feed 
according to production, they build into the data 
a strong positive correlation between the indi- 
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vidual cow’s intrinsic producing ability and the 
amount of feed she receives. If the data then 
show that the cows who ate the most produced 
the most, this does not of itself tell us whether 
they produced the most because they ate the 
most or whether they got a chance to eat the 
most because they volunteered to produce the 
most. This comes close to arguing about which 
came first, the chicken or the egg! It is imagin- 
able that the amount of feed which a cow can 
transform into milk has been much increased 
genetically but tat efficiency of feed conver- 
sion has not reall». changed. Or it is imaginable 
that feed efficier«y also may have been im- 
proved, although ‘erbally our emphasis on se- 
lection has been primarily on amount produced 
and little, if at all, on any other measure of 
individual efficiency available to the breeder. 
We simply do not have the data necessary to 
unravel that, if, indeed, the attempt to do so 
would really make any sense. 


NEW KNOWLEDGE NEEDED FOR INCREASING 
THE RATE OF IMPROVEMENT 


1. To make selection more accurate, we need 
sounder and simpler selection indexes. That 
requires four kinds of knowledge: 

(a) The phenotypic correlations between all 

traits which are to be considered. 

(b) The genetic correlations between all 

traits. 


(ce) The heritability of each trait. 
(d) The economic importance of each trait. 


Already we know much about (a) and quite 
a little about (¢), although more precision in 
our estimates, especially of (c), would be wel- 
come. About (b), we have only begun to learn. 
The present methods of estimating genetic cor- 
relations have distressingly large sampling 
errors. 

Economie values (d) need more scrutiny, 
especially in those cases where the economic 
value of the character changes rapidly as the 
character is improved. For example, raising 
extremely low test is likely to be worth while, 
but each additional increment in test is likely to 
be worth less than the preceding one. However, 
one can not afford to follow economic val- 
ues closely when those are changing errat- 
ically. The average generation interval in 
dairy cattle is something more than 4 yr. 
One would like to select today in accord- 
ance with the economic values which will 
prevail ten to 20 yr. from now. To do that with 
complete success would require prophetic ability 
of a high order; still, it must be done as best we 
ean. The breeder’s main task in this respect is to 
decide which price and other economic varia- 
tions are only temporary and which are long- 
time trends. What, for instance, ought we to 
do now about selecting for solids-not-fat? Von 
Krosigk, in a still unpublished study, has esti- 
mated that in 19 yr. of selecting solely to in- 
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crease the percentage of protein in the milk, 
the protein would increase by .28 percentage 
points, the solids-not-fat by .37, and the fat by 
48. If, on the other hand, one selected directly 
and wholly for total solids, in the same time 
protein would increase by .25, solids-not-fat by 
.34, and fat by .64. The latter would be prefer- 
able if fat will still be a high-priced product on 
the market 19 yr. from now, but the former 
would be preferable if by then the price empha- 
sis will be mainly on protein. 

Even when we have these four kinds of knowl- 
edge, many problems on how to use them will 
remain. Information on different characters 
becomes available at different times. This justi- 
fies using preliminary, or screening, tests for 
early culling of animals which are below certain 
levels, in order not to waste time or money in 
maintaining animals until we ean learn how 
good they are in those of their traits which 
develop late. Still, one must always be careful 
not to do much of this early culling. Otherwise, 
he will have no freedom left to do anything 
about the characters which unfold later. 

2. We need to know how to measure sepa- 
rately the effects of epistasis and of overdomi- 
nance. If the former is important, we need 
to follow the linebreeding road, making out- 
crosses only rarely and forming new lines 
around the most successful of those. If over- 
dominance is important, we make our new 
lines out of mediocre crosses between lines 
which all cross well on some other line on which 
we intend to cross our new lines for producing 
commercial dairy cattle. To some extent, these 
two roads are mutually incompatible. The line- 
breeding road is intended to lead by trial and 
error through an uncharted wilderness of gene 
interaction (nicking) to the ultimate goal of 
pure stocks as good as or better than any crosses 
which could be produced from them. The over- 
dominance road, if followed successfully, would 
lead to a goal where the pure seedstocks may 
be mediocre or less in their own ability, but 
where their crosses are individually superior to 
any crosses we can now make or to any pure 
seedstock whichever could be made. If either 
or both of those roads are untraversable, know- 
ing that now would be worth much. 

3. If overdominance or other causes of hete- 
rosis are important enough, the rotation cross- 
breeding of commercial dairy cattle may be 
profitable. Now that artificial insemination is 
widespread, and most studs carry bulls of all 
dairy breeds, the individual dairyman could 
follow a regular rotation crossbreeding scheme 
much more easily than was possible when he 
used natural service and needed bulls of differ- 
ent breeds for different ones among his cows. 
So long as high grades are not eligible for reg- 
istry no matter iow good they are, the only 
considerations, other than the breeder’s esthetic 
feelings which determine whether he should 


crossbreed, are the facts about how much he 
will probably gain by the heterosis. 


4. A separate question, although not an un- 
related one, is whether the overdominance is 
enough to make it worth while for breeders of 
seedstock to select their animals explicitly for 
their ability to cross well. Plant breeders gen- 
erally call such a proposal reciprocal recurrent 
selection. It is being explored in corn breeding 
and a little by poultry breeders and in swine. 
It seems unlikely to be profitable in such slowly 
breeding animals as cattle or sheep, but we can 
not be sure about thut until we know more about 
how much heterosis can be gained by it. In this 
method, one selects wholly on the progeny test, 
but those progeny must be out of mates like 
those of the very line on which this line is being 
bred for future commercial use. 

Even if reciprocal recurrent selection will not 
pay, making partially inbred lines for this pur- 
pose and then sorting out the ones among them 
which cross best might be profitable. At the 
moment, this seems even less likely to be suc- 
cessful than does reciprocal recurrent selection, 
but we can not be dogmatic about that until we 
know more surely the magnitude and causes of 
heterosis. 

5. If the interactions between heredity and 
environment are important enough, breeding 
special breeds for special regions may be worth 
while. In sheep breeding, this has long been 
considered important, and much is written about 
some breeds being good for hill country, others 
better on arable land, others better in swampy 
regions, still others in semidesert regions, ete. 
We have not supposed that this is important in 
dairy cattle, although it has been considered 
almost axiomatic that the high-fat breeds are 
better suited to economic circumstances where 
the main product sold is butter, while the high- 
milk breeds are better suited where the main 
product sold is whole milk or cheese. In recent 
years, we have seen more suggestions that the 
breeds do not rank the same in all climates 
or under all systems of feeding. Should we con- 
centrate more on breeding the animal to fit the 
local environment, so far as that can be done, 
and have it still fulfill its main purpose of pro- 
ducing fat and milk? Yet the overhead costs 
of producing a breed are moderately high. The 
numbers of animals needed must be large 
enough, and the need for special qualities in 
them acute enough, to more than meet these 
extra overhead costs. 

Many of us used to say that the warm-blooded 
animals carry their own environment with them. 
Indeed, many and marvelous buffer mechanisms, 
in their blood or other physiology, do operate to 
hold their internal environment steady. But per- 
haps the limits on this physiological homeostasis 
are narrower than we generally think? 

To achieve distinct success in breeding for 
local adaptability, introducing animals from 
regions with distinctly different climates or 
other conditions must cease almost completely. 





Otherwise, the local race would never become 
very different genetically from the rest of its 
breed. The frequent backerossing to the rest of 
the breed would continually jerk it back toward 
the average genetic composition of the breed 
and would tend to cancel all but the initial sue- 
cess in selecting for local adaptability. Our 
dairy breeds have never yet separated into such 
distinct local populations. Perhaps, after all, 
they have enough individual adaptability that 
we need not go far toward creating specialized 
local races? Perhaps ... but many of us are 
not so sure as we were 20 yr. ago. 

6. How to get more cows tested and to use 
the data while there is still time, will remain an 
important problem indefinitely in the future, 
just as it has always been. Central data proc- 
essing, centralized testing, and other innovations 
in assembling and interpreting the data more 
quickly are certain to develop further. For 
genetic improvement, the important thing is to 
test the cows in those herds from which future 
bulls may come and to test the daughters of 
young bulls being proved. Testing cows in herds 
other than those may, of course, pay for eco- 
nomic reasons and for its usefulness in good 
farm management. 

7. Sounder actuarial figures on such topics 
as expectation of life, death rates, percentages 
of barrenness, ete., would permit narrowing the 
rather wide confidence intervals which, at the 
moment, must surround such estimates as those 
of Robertson and Rendel. Knowing such norms 
more precisely would also permit keeping indi- 
vidual breeding plans more closely geared to 
the possible and to the probable. For instance, 
it is important to know whether, on the average, 
100 cows of breeding age can have only 25 
daughters per year grow up to freshen and 
enter the herd, or 30, or 35. 

8. Making new breeds. The rules for probable 
success in making new breeds are becoming 
clearer, although much remains to be known. 
Economic success in that is more likely in 
regions or under circumstances where none of 
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the existing breeds fit the requirements at all 
well; i.e., where the economic niche which needs 
filling is a large and nearly vacant one. The 
many new breeds of beef cattle along the Gulf 
Coast, in the last 30 yr., or the many new breeds 
of light horses, illustrate what might happen in 
dairy cattle but seems unlikely at present. The 
major rock on which foundered most of the 
earlier attempts to form new breeds seems to 
be that they had too narrow a genetic base and 
kept it narrow too long. But using at all times 
enough different sires, each fairly heavily, will 
require numbers large enough to put the enter- 
prise beyond the reach of all but a few indi- 
vidual breeders. Cooperative effort might solve 
that and permit small operators to play a part, 
but such cooperation in the past has been 
wide enough and enduring enough to achieve 
its end only where the new breed filled well a 
big economic need (an important and nearly 
empty niche, as in making the American corn 
belt breeds of swine), so that the new mixture 
paid its way almost from the start. 

9. Making new mutations. Experience gives 
little hope that the breeding value of cattle 
can be improved by forces such as X-rays or 
mutagenic chemicals. First of all, these things 
produce mutations only rarely. Second and 
more important, nearly all the mutations thus 
produced have been harmful. It is, I suppose, 
remotely possible that we may some day learn 
how to make certain kinds of mutations and not 
make others. If we ever learn how to make 
mutations to order, the proportion of useful 
ones among them no longer will be so vanish- 
ingly small. That, however, seems a remote 
prospect. Dairy cattle are such unsnitable ma- 
terial for studying mutagenic processes that 
persons interested in dairy cattle genetics will 
doubtless sit on the sidelines in this respect and 
watch the results with laboratory organisms 
until such time as those results suggest pro- 
cedures which seem worth trying with dairy 
cattle. 


PROGENY TESTING METHODS IN EUROPE’ 


Ivak JOHANSSON” 
Department of Dairy Science, University of Illinois, Urbana 


The progress which can be made in the im- 
provement of milk and butterfat yield in dairy 
cows depends to a large extent on the selection 
of males. Robertson and Rendel (12) estimated 
that in a closed population of 2,000 cows with 
the optimum structure, 43% of the total im- 
provement arises from the breeding of young 


* Presented in a Symposium at the American 
Dairy Science Association’s meeting at the Univer- 
sity of Illinois, Urbana, June 17, 1959. 

* Agricultural College, Uppsada, Sweden. 


bulls from tested sires and 33% from selection 
of the same bulls on their dams’ yield. The 
selection of dams of cows would contribute only 
6% to the progress. Since about 60% of all 
heifer calves are needed for herd replacement, 
and many other things than the milk yield of 
the dam are decisive for whether a heifer calf 
is raised, the efficiency of female selection will 
always be low. 

In Denmark, progeny testing of dairy bulls 
started in 1902, based on records from the cow 
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testing associations, and since 1912 these tests 
have been carried out as dam-daughter com- 
parisons. To avoid age correction of the milk 
records, the daughters’ first records are com- 
pared with their dams’ first records, the daugh- 
ters’ second record is compared to the second 
record of the dams, ete. The reports state the 
number of dam-daughter pairs, the average 
yield of the daughters (milk butterfat, and fat 
percentage), and the difference between the 
averages of the daughters and their dams. The 
erors involved in this type of progeny test arise 
mainly from (1) the environmental differences 
between herds, and (2) the changes in herd 
average yield from the time when the dam’s 
record was made to the time of the daughter’s 
record. When the bulls are used in artificial in- 
semination, and their semen is spread at random 
on a large number of herds, the first type of 
errors will more or less cancel each other, but the 
second source may still be important. 

In Sweden, an index was proposed by Hans- 
son (2) for appraisal of the bulls’ breeding 
value with regard to the fat percentage of the 
milk, based on the assumption that the daugh- 
ters’ butterfat percentage is intermediate to that 
of their dams and the sire’s hereditary level. The 
same index was developed independently in the 
U.S.A. by Yapp (17). Since then, it has been 
used in several countries for milk and fat yield 
as well as for butterfat percentage, under the 
name of the Hansson-Yapp index or the equal 
parent index. It works fairly well for butterfat 
percentage, but it gives misleading results with 
regard to milk and butterfat yield when there 
have been pronounced environmental differences 
between dams and daughters. 

Before the first world war a German exten- 
sion specialist in cattle breeding, Peters (9), 
started to compare the daughters of a bull to 
their stable-mates. This idea was taken up in a 
modified form by von Patow (8), when he ex- 
pressed the average daily yield of each cow 
during the calving interval in per cent of the 
contemporary herd average (Stalldurchschnitt). 
This idea of the contemporary herd average, 
or the average yield of the stable-mates, as a 
basis of comparison in the progeny test has 
been further elaborated in Great Britain, 
Sweden, and the U.S.A., to eliminate the errors 
due to environmental differences between herds 
and periods. 

The rapid progress of artificial insemination 
in the northwest of Europe has greatly stimu- 
lated the interest in progeny testing. At the 
present time, about 95% of the dairy cows in 
Denmark are artificially inseminated, in Holland 
and Great Britain 60%, and in Sweden 40-45%. 
Progeny test for lethals or other undesirable 
recessive genes is not considered necessary in 
connection with artificial insemination, be- 
cause each carrier will reveal himself anyhow 
at an early stage if the recessive gene has 
reached a frequency of a few per cent in the 
cow population for which he is used. The efforts 


are concentrated on progeny tests for the pro- 
duction characters of the animals. 

The sourees of differences between the aver- 
ages of progeny groups may, for the purpose 
of diseussion, be classified as follows: 

I. Genetic differences : 
1. Between sires 
2. Between daughters of the same sire 
(sampling errors) 
3. Between dams of the daughters 


II. Nongenetic differences : 

A. Randomly distributed (sampling er- 
rors) : Environmental variations which 
are equally likely to affect any indi- 
vidual. Errors in measurement of the 
character. 

B. Causes of variation which are not 
randomly distributed but can be elimi- 
nated by corrections or standardiza- 
tion, e.g., age at calving, season of 
calving, and length of the milking 
interval. 

C. Environmental differences between 
progeny groups (feeding and manage- 
ment), mainly differences between 
herds and trend within herds. 


The repeatability of the progeny test is a 
measure of its accuracy under certain con- 
ditions. If the variance between progeny groups 
has the following components: Gs = genetic 
variance due to differences between sires, Cs = 
environmental variance between progeny groups, 
and R = the variance due to randomly distrib- 
uted causes (I:2 and II: A), then the regres- 
sion of future daughters on those tested, the 
repeatability of the progeny test, is 

Gs n 0.25 h® 


Gs+Cs+R/n 1+4+(n—1) (0.25h?+e’) 





where n =the number of daughters, h* = the 
heritability of the trait, c’ = the fraction of the 
variance which is due to nongenetic differ- 
ences between the groups, and 0.25 = the 
coefficient of relationship between the pa- 
ternal half sisters (random mating). It is 
assumed here that there is an environmental 
correlation (c’) between the tested daughters 
of the same bull, but no such correlation between 
the tested daughters and future daughters, as 
would be true if each bull is tested in one herd 
and used later in any other herd of the breed. 
The repeatability of the progeny test increases 
with increasing number of daughters, but it 
decreases with rising value of c*, as shown by 
the following figures; when h’ = 0.25: 





Number of daughters in progeny test 





or 


10 20 40 
Riis, 0.25 0.40 0.57 0.73 0.96 0.99 
0.17 0.21 0.25 0.27 0.27 0.27 
0.30.....0.13. 0.15. 0.17 O17 O17 0.17 


100 ~=:1,000 


c 





708 JOURNAL OF 


For a reliable progeny test it is necessary to 
eliminate the environmental differences between 
progeny groups, i.e., the environmental corre- 
lation between half sibs. If the environmental 
correlation between half sibs (c*) is large, the 
repeatability of the progeny test soon reaches 
a maximum value with increasing number of 
daughters. It is of no use to increase the num- 
ber of progeny in the groups above 10 or 20, if 
they are not distributed on different environ- 
ments, i.e., different herds. When the test is 
made in a single herd it applies only to this 
herd, or to other herds on the same environ- 
mental level. 

It is shown in several investigations that the 
heritability of inter-herd variation in milk and 
butterfat yield is low, on an average 10-15%, 
Pirehner and Lush (10). Therefore, the herd 
differences can be disregarded and the progeny 
test based only on the deviations of the daugh- 
ters’ yield from stable-mates of the same age 
or from the contemporary herd average. For 
A.I. bulls that are tested on a large number 
of daughters, distributed at random on many 
herds, the simple daughter average can be used, 
but the deviation from contemporaries has the 
advantage that the variance within progeny 
groups (the error variance) is smaller. If the 
dams are selected, thus deviating from the herd 
average, a correction for their influence on the 
daughters’ yield may be needed. 

The purpose of the following review is to 
show the attempts which have been made in 
some of the European countries since the end 
of the war to solve the problems involved in the 
practical application of progeny testing to dairy 
bulls. 

The Danish progeny testing stations. The 
station test of A.I. bulls was designed and 
started in 1945. In 1957-58 a total number of 
102 bulls were tested at 33 different stations. 
Most of the testing stations are private farms 
where the owner has agreed to provide housing, 
feed, and care for the heifers on test, and in 
return he is getting the milk they produce. As 
a rule, two or more progeny groups are tested 
simultaneously at the same station. The Animal 
Research Institute at Copenhagen is supervising 
the work and appoints an assistant for each 
testing station. The assistant is in charge of all 
record-keeping throughout the testing period; 
half of his salary is paid by the state and half 
by the A.I. associations. As a rule, the owners 
of the heifers get a certain remuneration for 
placing the animals at the station for a year. 
In some eases, however, the A.I. associations 
buy the heifers, and sell them after the com- 
pletion of the test. The rule for the station 
test may be summarized as follows: 

1. A group of 18-20 daughters from each A.I. 
bull assigned for the test is brought to one of 
the testing stations about the first of September. 
At least 15 daughters must complete the test if 
the results are to be officially recognized. At 
delivery to the station the heifers should be 
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pregnant and due to freshen between the first of 
October and the fifteenth of November, at an 
age of 27 to 33 mo. They are bred again at the 
first heat when 2 mo. have passed from calving. 

2. The station test covers the first 10 mo. of 
the lactation period. There is a considerable 
variation, actually from 230 to 380 days, but 
the average for each group is almost without 
exception 304 days. 

3. At the stations the animals are kept on a 
high level of feeding and management, and it is 
attempted to standardize this level for all sta- 
tions as far as possible. Before calving the 
heifers are fed liberally, to equalize their con- 
dition at calving time, and after calving the 
ration is adjusted according to the milking 
ability of the individual cow. The cows are 
milked three times daily until the yield has de- 
creased to a certain level, when the number 
of milkings is reduced to two. 

4. During the stall feeding period the feed is 
weighed daily for each individual. The milk is 
weighed and the butterfat content determined 
on two consecutive days per week. The rate of 
milk flow during milking is determined on two 
days during the second to fifth months of lac- 
tation. The animals are weighed on arrival at 
the station, after calving, at the beginning of 
March, at the transfer to pasture, and at the 
end of the testing period. At the March weigh- 
ing body measurements also are taken. 

The main principles of the station test are 
(1) that the daughters of the bulls are chosen 
at random without considering the milk yield of 
their dams, (2) that they all freshen in the same 
season and approximately at the same age, 
and (3) that the records are made in a stand- 
ardized environment. Comparisons between the 
progeny groups are based simply on their aver- 
age records at the stations. 

Analyses of the data from the Danish testing 
stations have shown that the attempts to elimi- 
nate various nongenetic differences between 
progeny groups have not been entirely success- 
ful. Johansson (4) found significant differences 
between the ‘groups in regard to age at calving 
and length of the service period, and there were 
indications also of group differences in body 
development and condition of the heifers on 
arrival at the stations. However, the effect of 
these differences upon the milk yield is probably 
too slight to influence materially the testing 
results. More serious errors would arise from 
environmental differences between the groups 
during the period of test. That differences ap- 
pear between stations and years is not surprising 
because variations in the quality of pasture and 
winter roughage can hardly be avoided, but it is 
suspected that environmental differences occur 
also between contemporary groups at the same 
station. One reason for the occurrence of such 
differences is, perhaps, that the heifers are placed 
in groups in the barn and not randomized. 

Robertson and Mason (11) studied the repeat- 
ability of the station test in the field for 62 bulls 
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that had at least 80 tested daughters, divided 
on three different levels of herd average yield. 
The regression of the average milk yield of the 
field tested daughters on that of the station 
tested was for all herds 0.16 and for high herds 
0.21 when caleulated within regions. Hofmeyr 
(3) found that when the yield was calculated 
in the same way in the field as at the stations 
(250 days lactation), and on approximately the 
same number of daughters, and the differences 
between herds and years were eliminated, the 
regression of the field test on the station test 
was 0.23. When the field test comprised 34-67 
daughters per bull and was based on the first 
yearly record, the regression on the station 
test was about 0.4. Thus, the repeatability of 
the station test in the field has been found to be 
rather low. 

It would be expected that the nongenetic 
variation between individuals and progeny 
groups is lower at the stations than in the field, 
because the milk recording is more accurate at 
the stations, the effect of season of calving is 
practically eliminated, and each cow is fed in- 
dividually in relation to its capacity of yield. 
It was surprising however, when Robertson and 
Mason (11) found that the variance between 
progeny groups was much higher at the stations 
than in the high yielding herds, whereas the 
variance within groups was lower. The differ- 
ence in apparent heritability was, therefore, 
very large. Touchberry and Rottensten (15) 
estimated on the basis of the station data the 
apparent heritability of fat yield at 0.65 and 
from the field data at 0.20, after elimination of 
station, year, and herd differences. Hofmeyr 
found, however, that the correlation between 
the station tested daughters and their field tested 
dams was higher than that between the field 
tested half sisters (of the station heifers) and 
their field tested dams, 0.178 versus 0.134, which 
would seem to indicate that the station test of 
the individual cows is more accurate than the 
field test. 

Robertson and Mason reached the conclusion 
that the same accuracy with regard to milk yield 
ean be obtained by the field test on 30 daughters 
as by the station test on 18 daughters. The 
station test has, however, the advantage that it 
easily and for a low additional cost can be 
extended to other traits than milk and butterfat 
yield, e.g., the rate of milk flow during milking, 
the feed consumption of the animals, body size 
and conformation, the intensity and duration of 
heat, ete. The randomization of environment 
can be improved, even if it is impossible to make 
it perfect. The main disadvantage of the station 
test is the high cost involved. 

At the completion of the progeny test at the 
Danish stations in 1957-58, 59% of the bulls 
were below 6 yr. of age, 32% were 6~7 yr., and 
9% were 7-8 yr. old. Under A.I. conditions it 
should be possible to complete a field test on 
50 or more daughters when the bulls are about 
5% yr. old. 


The amount of culling which takes place 
among the station tested bulls in Denmark im- 
mediately after the completion of the test is 
slight, but the superior bulls are used to a much 
greater extent than the average or poorer bulls. 

Sweden. Since 1953 the progeny testing of 
dairy bulls is centralized to the Wiad Research 
Station (Institute of Animal Breeding) and 
financed by the state. A Committee for Progeny 
Testing (NAT), with representatives for the 
breeders’ and the A.I. associations, is respon- 
sible for the work. Records of the individual 
cows are delivered monthly by the cow testers 
to the progeny testing center, and the average 
yield of each herd is caleulated and reported 
with 4-mo. interval. In each county there is a 
cow testing supervisor who is responsible for 
prompt delivery of the data. 

The first progeny test of a bull is made as 
soon as he has at least ten daughters with record 
for the first lactation yield (305 days). When 
heifers which have completed only 46-304 days 
of lactation are culled from the herds, their 
records are used after conversion to 305-day 
yield. This is done to avoid selection within 
the progeny groups. The frequency of culling 
among the first calvers before they have com- 
pleted their first 305-day lactation varies between 
the breeds; for Swedish Red and White Cattle 
10-12% and for the Swedish Friesian 15-20%. 

The average first lactation yield of miik and 
butterfat is calculated for all the daughters of 
the bull and corrected to yield at a standard 
age of 28 mo. at first calving. The milk yield 
is also converted to a standard fat content of 
4%. No dam-daughter comparison is made, but 
the daughters’ average yield of fat-corrected 
milk is compared. to the corresponding yield of 
daughters of other bulls in herds on the same 
production level as that where members of the 
particular progeny group were raised and pro- 
duced. The comparative yield of heifers in 
herds on the same production level is calculated 
from the regression of first calvers on their 
contemporary herd average. For the two most 
important dairy breeds the figures used for 
these computations are as follows: 








Regression 
of first Herds’ 
lactation Herdav. average for 
yield on for first cows of 
herdav. lactation allages 
Swedish Red and ——(kg. milk )——— 
White Cattle......... 0.651 3,468 4,121 
Swedish Friesian......0.620 3,670 4,587 





For a Swedish Red and White herd, with an 
average yield of 5,005 kg. 4% milk, the cor- 
responding average for the first lactation yield 
is 3,468 + 0.651 (5,005-4,121) = 4,054 kg. milk. 
The average yield of the bull’s daughters is ex- 
pressed in per cent of the comparative yield. 
If the daughter’s average is 4,400 kg. milk, the 
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relative yield of the daughter group is 108.5. 
The difference between this relative yield and 
100 is adjusted for the number of daughters 
on which the test is made. The correction factor 
for progeny groups of ten daughters is the same 
for bulls in A.I. and natural service, 0.5, but 
whereas the factor rises curvilinearly to 1.00 
for 50 (or more) A.I. daughters distributed on 
many herds, it rises only to 0.7 for bulls in 
natural service, and there is no further rise for 
increasing number of daughters. For 20 A.1. 
daughters, e.g., the correction factor is 0.77 
and for the same number in natural service 0.62. 
Applied to the previously stated relative figure 
108.5, the result for 20 A.I. daughters will be 
0.77 (108.5 — 100) + 100 = 106.5. This is the 
relative value for milk yield of the progeny 
group. 

The reports of the progeny test contain the 
following information: the number of daugh- 
ters included in the test with 305 and with 
46-304 day yield, the average calving age of the 
daughters, their average yield of milk with 4% 
fat, corrected to 28 mo. calving age, the cor- 
responding average for daughters of other bulls 
in herds on the same production level, the rela- 
tive milk yield of the progeny group, and the 
average fat percentage of the daughters’ milk 
and the corresponding average for their herds. 
From these data, the breeders have to draw their 
own conclusions. 

The progeny test is repeated when the bull 
has twice as many daughters with production 
records as those used in the first (or previous) 
test. Special progeny tests of bulls, taking 
also the yield of the dams into consideration, 
are made upon the breeders’ request and at their 
own expense. The regular tests are free of 
charge. 

The main principles of this progeny test are: 
(1) The test is based on the first lactation 
yield of all tested daughters of the bull, (2) the 
individual records are not age-corrected, but 
the group average is corrected to a standard age 
at first calving of 28 mo., (3) the relative milk 
yield of the progeny group is expressed by a 
percentage figure, where the yield of first 
ealvers in herds on the same level of production 
is the basis of comparison, and (4) the relative 
yield of progeny groups of less than 50 heifers 
is regressed towards the mean (100), depending 
on the number of heifers in the group. The 
relative yield of daughters of bulls in natural 
service is always regressed towards the mean, 
even when the group contains 50 or more heifers. 

The Swedish progeny testing scheme is very 
similar to the one used in New Zealand. The 
main differences are that in New Zealand all 
records are corrected to mature yield at 4-9 yr. 
of age, and that no relative yieid is caleulated 
but rather the difference between the average 
of the progeny and that of daughters of other 
bulls in herds on the same production level. 

The average age of a random sample of 120 
A.I. bulls tested in Sweden during 1958 was 
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64, yr. at the completion of the test. The cor- 
responding age for 150 bulls in natural service 
was 71% yr. 

Two bull testing stations were organized in 
Sweden some years ago, one for Swedish 
Friesian bulls and one for Red and White bulls. 
Only the last-mentioned station is still in 
operation. 

Norway. In 1955, a new type of field progeny 
test was started, called the Hedmark system 
after the county where the test was first prac- 
ticed. An area with dense cow population and 
a high percentage of tested cows is chosen as 
test area for the bulls at an A.I. center. In 
Hedmark county, 63% of the cows are produc- 
tion tested. Within this area practically all 
the cows are inseminated during a_ limited 
season (December-January) by semen from the 
young bulls assigned for the progeny testing. 
To make an effective selection possible, about 
five times as many young bulls are used for 
these inseminations as the number of bulls 
needed after completion of the progeny test. 
Each bull is used for so many cows that 75-100 
daughters can be expected to be raised and 
complete their first lactation. The daughters 
stay on the farm where they are born, and their 
milk yield and butterfat percentage is tested 
according to the regular scheme once every 
third week; in addition, also, the protein con- 
tent of the milk is determined. The milking 
characters of the cows (rate of milk flow and 
milking time) are measured by a special assist- 
ant travelling from one farm to another. To 
reduce the errors in measurement of the milking 
time and the rate of milk flow, the milking ma- 
chines on each farm are adjusted to operate at 
the same pulsation rate and the same vacuum 
level. The special assistant is also scoring the 
cows for conformation, particularly with regard 
to udder and teats, and he takes a series of 
body measurements. He is supposed to visit 
each farm two or three times during the first 
half of the lactation period of the daughters. 
The milk yield of the cows has been recorded 
for 200 and 300 days of lactation, but it is 
proposed to record it also for the first 100 days 
to make an early preliminary test possible, 
Skjervold and Sandvik (14). 

As soon as the necessary data are available, 
the following averages are calculated for the 
progeny groups: the milk yield (actual and 
corrected to 4% fat), the fat and protein con- 
tent of the milk, the milking rate and milking 
time (corrected for yield), and the average 
seores for udder and body conformation. The 
contemporary average yield of the daughters’ 
herds is also caleulated, but since the number 
of daughters always is large, and the daughters 
are distributed at random on at least some 40-50 
herds, the herd average is not used for the 
ealeulation of any bull index. 

The following advantages of the Norwegian 
progeny testing scheme for A.I. bulls may be 
pointed out: (1) All the daughters of the bulls, 








t. 
1) 


ls, 





SYMPOSIUM 7l1l 


tested in a certain area, freshen at approxi- 
mately 2 yr. of age (extreme variants are ex- 
cluded) and always in the same season. The 
daughters are spread at random on so many 
farms that the effects of herd differences in 
feeding and management are eliminated. There- 
fore, no corrections for age, season of calving, 
or herd environment are needed. (2) There are 
no possibilities of selection of the daughters on 
their own yield and little possibility of selection 
on the dams’ yield. (3) Even with the supple- 
mentary tests of the daughters, made by special 
assistants, which can be extended also to other 
characters, e.g., reproductive efficiency, the cost 
per progeny tested bull of this field test is only 
about 20% of that at the Danish testing stations. 
Finland. The Department of Animal Breeding 
at the Agricultural Research Center, Dickursby, 
is in charge of the progeny testing, which is 
carried out when a bull in natural service has at 
least 10, and an A.J. bull at least 20, daughters 
with yearly milk records. No records of cows 
above 6 yr. of age are used. The average milk 
yield of the daughters is expressed in per cent 
of the contemporary average of the herd (or 
herds), and for comparison also the average 
yield of all progeny groups of the same age is 
calculated in per cent of their contemporary 
herd average. The difference between these two 
percentages is an expression for the breeding 
value of the bull in comparison to the breed 
average. The average fat percentage of the 
daughters’ milk and the corresponding herd 
averages for milk and fat percentage are also 
calculated and stated in the reports, Varo (16). 
Great Britain. The Milk Marketing Board 
is in charge of the progeny testing of A.I. bulls 
in England and Wales. The test, originally 
devised by Dr. Alan Robertson, is based on 
the first lactation yield (305 days) of the daugh- 
ters of the bull and the corresponding yield of 
their contemporary stable-mates, Mason (6). 
In each herd where the bull has daughters with 
records that can be compared to those of con- 
temporaries, the average yields of the daughters 
(Y) and the contemporaries (Ay) are calculated, 
and the difference between the two averages is 
weighted for the number of heifers in the groups. 
The weighting factor (w) is the harmonic mean 
Jn: of the number of daughters (m,) and 
Ny tT Ne 
the number of contemporaries (mz) in the herd. 
All these weighted differences for all the herds 
where comparisons are made are added, and the 
sum is divided by the sum of the weighting 
2(Y—As)w 


factors: = , in the following abbrevi- 
Ww 


ated to Dw. When a bull is progeny tested, the 
value of Zw should be at least 20 which, on an 
average, corresponds to about 30 tested daugh- 
ters. The weighted difference between the 
bull’s daughters and their contemporaries is 


adjusted for the number of daughters by multi- 
0.25h*Zw 
1+ (Zw—1)0.25h* 


(the regression of future daughters on those 
tested). When h? = 0.25 the value of b= 
Zw 


Iw + 15 


plication with the factor b = 





The estimate of the breeding value 


of the bull is 2b Dw -+ A in relation to all first 
ealvers (A) in the herds where the test is made. 
For a comparison with the population as a 
whole, 0.2 (A — P) is added (P =the breed 
average for first calvers), assuming that the 
heritability of the interherd variation is 0.2. 
The relative breeding value (R.B.V.) of the bull 
within his breed is expressed as 
[2b De + 0.2 (A — P) + P] 100 
Pp 
The addition of 0.2 (4 — P) is probably un- 
necessary under A.J. conditions where the 
genetic differences between the herds tend to be 
small. When the test is made on at least 30 
daughters, the error introduced by disregarding 
the dams is probably also rather small. 
Robertson et al. (13) point out that the main 
advantages with this method of progeny test- 
ing are (1) that age corrections are avoided, 
since the daughters of the bull and their stable- 
mates, on an average, start their first lactation 
at the same age, and (2) that each daughter 
is compared to contemporaries in the same herd, 
i.e., on the same level of feeding and manage- 
ment, which would seem to be the most rational 
method of comparison. As a disadvantage may 
be mentioned that the method does not make 
use of all the available information about con- 
temporaries in the herds, since only contempo- 
rary first calvers are considered. For big herds 
this is of no importance, but for herds with less 
than 20-30 cows the situation is different; in 
many small herds there may not be any contem- 
porary daughters of other bulls to compare with. 
Dr. Edwards, Milk Marketing Board, has 
supplied the following information on the or- 
ganization of the progeny test of A.I. bulls. 
Semen is collected from the young bulls when 
they have reached 15 mo. of age, on an average, 
for insemination of about 500 cows in produc- 
tion tested herds within a limited period of time, 
which may vary from a few weeks to 6 or 8 mo., 
depending on breed and area. The regular 
progeny test can then be made when the bulls 
are 6 to 61% yr. old. To make earlier culling 
possible, a preliminary test is made on the milk 
yield during the first 180 days after calving. 
On an average, about eight out of ten bulls 
entering the test are still active when the test 
is complete and it is attempted to cull four 
out of five tested bulls. The average useful life 
of the selected tested bulls is estimated to 4 
to 5 yr. So far, the use of the young bulls 
between the insemination of 500 cows and com- 
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pletion of the test has not been limited, but it 
is planned to lay off completely after about 
1,000 cows. 

Holland. All bulls are progeny tested when 
at least 15 daughters have a complete lactation 
record. When records are available for 15 dam- 
daughter pairs of the same age, a dam-daughter 
comparison is made. No indices are calculated. 
The average yield of milk and butterfat, and 
the butterfat percentage for the dam and daugh- 
ter groups, are published in the herd books, 
together with the number of days in milk. In 
some parts of Holland the protein content of the 
milk is also determined for each cow on each 
testing day. Where this is the case, the daugh- 
ters’ average protein content of the milk is 
caleulated. 

In addition, a random sample of daughters of 
all A.I. bulls, as well as daughters of the best 
bulls used in natural service, are inspected by 
a special committee and judged for conforma- 
tion. This inspection is made twice, the first 
time on the pregnant heifers and the second 
time when they are in milk. At the second in- 
spection the judging of the udder is an important 
item. At these occasions the daughters are also 
compared to their dams. 

No special tests are made of the bulls for 
lethals or other undesirable recessive genes, but 
segregation of defects is recorded and the in- 
formation on such cases is made available to 
the breeders. All members of the Friesian herd 
book are obliged to report to the herd book 
office on all calves born by registered cows. 
Detailed records on the fate of all calves born 
are kept also in connection with the A.I. work, 
which now comprises 60% of the total cow 
population in Holland. 

In 1952, some A.I. associations started an 
intensified scheme of progeny inspection com- 
prising 100 randomly chosen daughters yearly 
of each bull. Here attention is paid also to the 
milking characteristics, fertility, ete. of the 
cows. 

West-Germany. The scheme for progeny test- 
ing varies somewhat from one province to 
another. The most common method is, however, 
the dam-daughter comparison (TMV) based on 
the relative yield compared to the herd average. 
The yield of each cow per record year (12 mo.) 
is expressed in per cent of the contemporary 
average of all the cows in the herd. When the 
herds are very small, the average yield for a 
group of herds may be used for comparison. 
Each daughter and her dam enter this compari- 
son with the same number of records started at 
approximately the same age. For first calvers 
the yield during the first 305 days may be used 
instead of the 12 mo. record. The average fat 
pereentage of the daughter group is compared 
directly with that of their dams without refer- 
ence to the herd average, Langlet (5). 

Reports on the results of the progeny test 
contain information on the number of daughters 
and records on which the test is made, the aver- 


age milk and butterfat yield of the daughters, 
and the contemporary average of their herds, 
the relative yield of the daughters (in per cent 
of the herd average), and their average fat per- 
centage. The same figures are presented also 
for the dams. In addition, the production aver- 
age for all the daughters of the bull is stated, 
including those where no dam-daughter com- 
parison could be made. In some cases also an 
Erbgitter (hereditary grid) may be presented, 
showing how the dam-daughter pairs arrange 
themselves in a correlation table. 

A preliminary progeny test may be made on 
the yield during the first 200 (or in some cases 
100) days of lactation of the daughters, to obtain 
information on the breeding value of the bulls 
as early as possible. 

Switzerland. The bulls are tested on the aver- 
age yield of all their daughters as well as on a 
daughter-dam comparison to the extent this 
comparison can be made. The actual yield is 
evaluated in relation to the average yield of the 
herds in the breeding asociation. The male and 
female progeny are also judged for conforma- 
tion by special experts. For this purpose the 
progenies are gathered at a central place where 
they are arranged according to age and sex. 


SUMMARY 


A common feature of the European methods 
for progeny testing of bulls is the attempts 
made to eliminate the effect of environmental 
differences between progeny groups. In Den- 
mark, special testing stations were inaugurated 
for this purpose. The station method is, how- 
ever, rather expensive. The cost per tested bull 
has been about $1,500 in recent years; at one 
Swedish station the average cost was $2,300. The 
high cost is probably the main reason why the 
station test has gained little ground outside of 
Denmark. At the present time two stations are 
in operation in Great Britain, one in Germany, 
and one in Sweden. 

When the progeny test is based on field ree- 
ords, the average yield of the herd, or that of 
the stable-mates, is used as a basis of comparison. 
In Germany, the yield of each individual cow 
is expressed in per cent of the contemporary 
herd average, and the relative yield of the 
daughters is compared to that of their dams. 
In Sweden, the average first lactation yield of 
the daughters is expressed in per cent of the 
corresponding average for all first calvers in 
herds on the same production level as the 
daughters’ herds. After regression towards the 
mean (100%), in cases of small samples of 
daughters, this relative figure is used for com- 
parison between progeny groups. In Great 
Britain, the first lactation records of the daugh- 
ters of the bull are compared to those of their 
stable-mates of the same age, the difference 
within each herd is weighted according to the 
numbers of daughters and stable-mates, the total 
difference is regressed for small numbers of 
comparisons, and the bull’s relative breeding 














SYMPOSIUM 


value is expressed in per cent of the breed 
average. Correction factors for age are avoided 
by comparing only first lactation records. The 
use of the first lactation only has the advantage 
that the progeny test of the bulls can be com- 
pleted early. 

The British (Milk Marketing Board) method 
has the disadvantage that in small herds there 


may 


other bulls to compare with. 


not be any contemporary daughters of 
When the herds 


are so large that sufficient number of contempo- 
raries, calving at approximately the same age 
and in the same season, can be found, it seems 
likely, however, that this method for field prog- 
eny test will give more accurate results than 
any other method which has been used so far. 
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ITALIAN SOFT CHEESE ON THE NEW YORK MARKET! 


F. V. Kostkowsk1 
Department of Dairy Industry, Cornell University, Ithaca, New York 


Italian soft cheese has gained more popu- 
larity among consumers in the past 10 yr. 
and has created more controversy among 
manufacturers than any other cheese type on 
the American scene. 

New York and Wisconsin have shared in 
the surprising growth of these cheeses and 
it would serve their interests to continue this 
sharing. A step in the right direction in hold- 
ing such an advantage is that of learning more 
about the various Italian soft cheeses and of 
u»derstanding the problems of the manufac- 
turer not only in Wisconsin but in other 
regions. 

Types of cheese in the Northeast. Three 
important Italian soft cheeses in the Northeast 
are Mozzarella, Ricotta, and Impastata. Years 
ago the New York markets catered to Italian 
soft cheese made from whey and skimmilk. 
Now most of this cheese is made from 2% 
fat milk or from whole milk. For example, 
Ricotta cheese in the New York market prac- 
tically always is produced from whole milk. 
In the Midwest, however, Ricotta cheese is 
that made from whey and skimmilk. The trend 
toward making Italian soft cheese from higher- 
fat milk is diametrically opposite to that of 
fluid milk practices, and it is indeed welcomed 
in areas of surplus whole milk. 

Principles and descriptions. Mozzarella 
cheese manufactured in the New York area 
usually is formed into large curd blocks at 
upstate factories without any cooking of the 
curds and without much acid development. 
Acid develops in a day or two when the blocks 
are brought out from the cold room to warmer 
temperatures. At optimum acid development, 
the curd is stretched in hot water. The finished 
cheese, lightly salted, is white, soft, with a 
very lively surface sheen. This cheese by Mid- 
western standards has a high moisture content. 

Mozzarella cheese is used for direct eating, 
for varied Italian dishes including lasagna, 
and for the layering of pizza pies. To the 
supermarket consumer Mozzarella appears as 
a small round parcel, perhaps not more than 
0.5 lb. in weight. Not much difference exists 
between Mozzarella and Scarmosa, except that 
the latter has a small head around which a 
string can be tied. In establishments catering 
to pizza pie clients, rectangular blocks of 
Mozzarella cheese called cukes are often used. 

In New York, common practice has been to 
turn out the rough curd blocks at the upstate 


1 Address delivered at Wisconsin Dairy Manufac- 
turers’ Conference, University of Wisconsin, Madison, 
January 28, 1960. 


factory; to ship these curd blocks iced to 
Lattichini, or milk stores, in New York City. 
In these stores the curd is acid-ripened, then 
heat processed to the order of the customer. 
The advent of chain store supermarkets is 
forcing the Lattichini out and along with it 
this individualistic method of finishing the 
Mozzarella cheese. More and more the cheese 
is produced in its final form in the upstate 
New York factories and sold in chain stores. 

Ricotta cheese, or recooked cheese, when 
made from whole milk and consumed fresh 
with its delicate texture and succulent nutty 
flavor, has more admirable qualities than 
creamed cottage cheese, if the two ean be 
compared. One other admirable quality is its 
yield of 23%, the highest of any cheese. 

In Eastern Ricotta cheese making, whole 
milk is acidified to about 0.3% laectie acid 
with enough starter and heated in large kettles 
to 176° F., although this temperature varies 
with the season. At this high temperature the 
proteins separate as a curd, entrap the fat, 
and float to the surface, where the mass is 
scooped off as fresh Ricotta cheese. Because 
all of the proteins of the milk are precipitated 
by this procedure, the very high yield is 
achieved. 

Ricotta cheese is eaten directly or utilized 
in the preparation of certain dishes, including 
ravioli, and as creamed-whipped fillings for 
dessert. Backed by high quality, packaged in 
the right container, and sold with vigorous 
advertising, whole milk Ricotta should have a 
happy future in all areas of the United States. 

Impastata cheese, or whipped pasta, has 
found an important niche among bakers for 
pastry fillings, and among cooks for the prep- 
aration of such dishes as ravioli. It is a cheese 
made from whole milk or 2% fat milk, em- 
hodying many of the principles of Ricotta 
cheese. The cheese is drier than Ricotta and 
for certain uses this is preferable. The prep- 
aration of Impastata is carried out in ordinary 
cheese vats, instead of in large kettles, and 
instead of the curd floating to the surface as 
in Ricotta, it is deliberately driven to the 
bottom of the vat. This is accomplished by 
controlled agitation of the curd and by cook- 
ing milk acidified more highly than that for 
Ricotta. The yield of this cheese is about 
20%. 

Some technical problems. Technical prob- 
lems of various types remain to be solved in 
the Italian soft cheese industry. For example, 
Mozzarella cheese, at least for Eastern mar- 
kets, is sold as a white product. But to pre- 
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pare a white Mozzarella cheese is often diffi- 
cult throughout the year because milk varies 
in color. Homogenization of the milk for 
Mozzarella cheese, or the use of a bleaching 
compound, benzyl peroxide, is advocated. In 
either case, the stretching quality of the cheese 
is impaired with such treatments. <A prac- 
tical solution for producing a white product 
throughout the course of the year is not too 
clear, but there is continuing interest in the 
problem. 

Another technical problem deals with mech- 
anizing Ricotta cheese making. To a very 
large degree this cheese requires many manual 
movements, especially in the removal of the 
curd from the surface of the kettles. Perhaps 
five or six men are engaged for every three 
kettles of cheese. A desludging separator used 
in the preparation of Neufchatel and Baker’s 
cheese was applied to the removal of Ricotta 
curd from the kettles. Though removal phys- 
ically was possible, the resulting cheese, ae- 
cording to the manufacturer at whose plant 
it was applied, was too wet and without the 
proper body or texture. 

New York state standards for Italian cheese. 
New York has standards of identity for 
Mozzarella and Ricotta cheese. None exists for 
Impastata. At the present time, no federal stand- 
ards for any of these three cheeses have been 
promulgated, and it is around this subject that 
the vortex of controversy swirls and has been 
swirling for the past 3 yr. 

Mozzarella and Ricotta cheese sold in New 
York State, including New York City, must be 
manufactured in a manner specifically outlined 
by the State. It is somewhat of a mystery how 
any one can supervise the manufacture of a 
certain cheese to conform to a legal standard, 
but New York manufacturers are particularly 
sensitive on this point. Hither Mozzarella or 
Ricotta cheese can be made from 2% fat milk 
or whole milk according to New York Siate 
law. If manufactured from whole milk, Moz- 
zarella must have not less than 52 and not 
more than 58% moisture, and the fat content 
must be not less than 18%. Ricotta cheese 
made from whole milk must have at least 11% 
fat and not more than 80% moisture. 

Conversations with Wisconsin people indicate 
that it is the high moisture content, among 
other things, which makes cheese manufacturers 
in the Midwest look with dismay at the New 
York State standards. With so much water 
required in a cheese, is it possible to transport 
a high-moisture Wisconsin Mozzarella cheese 
over 1,000 miles to New York City and still 
maintain good keeping quality? It is possible. 
Keeping quality of cheese is not wholly a matter 
of the moisture content. It is concerned, too, 
with the number and types of microorganisms 
in the cheese. 

Keeping quality of Italian soft cheese. In 
the past 4 yr., Italian soft cheese samples from 
all areas of the country have been examined 
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for spoilage organisms at our laboratory. Gen- 
erally speaking, although there are exceptions, 
mierobial counts of Italian soft cheese were high 
and the keeping quality was low. The high 
counts are attracting more than casual atten- 
tion from law enforcement bodies. Soon, per- 
haps, numerical standards for certain types of 
microorganisms in soft unripened cheese may 
be established, both by government and state 
bodies. In an indirect way, establishment of 
such standards may be of great help to the 
industry because of consumer packaging. Such 
packaging of Italian soft cheese demands low 
counts of certain microorganisms; otherwise, 
many of these packages may be blown up and 
losses to manufacturers can be high. 

Most spoilage in Italian soft cheese is due 
to yeast and mold. Coliform bacteria, however, 
are responsible in some of the cheeses. These 
microorganisms appear in the cheese as a post- 
contamination, and have no business being 
there. For example, a commercial Mozzarella 
cheese picked up at random some time ago 
contained 50,000 yeasts and molds per gram, 
whereas freshly packaged commercial Ricotta 
cheese sampled directly at a factory had a 
coliform count of 700, and a yeast and mold 
count of 5,000 per gram. It is interesting to 
note that this cheese was heated in the kettle 
to almost 180° F. for 30 min. 

Any cheese to be shipped long distances must 
have a low number of spoilage organisms. To 
show that such shipment is possible, last sum- 
mer in Italy a cheese factory daily transported 
Mozzarella cheese with a high moisture content 
from its Milan area factory all the way to 
Sicily in good condition, during the month of 
August. The keeping quality even of a high- 
moisture cheese can be maintained with strict 
standards of sanitation. 

Classification of Italian soft cheese. The 
Italian soft cheese industry is waiting for the 
decision of our government as to standards of 
identity for Mozzarella cheese. Is it to be a 
Mozzarella cheese or is it to be a Pizza cheese? 
Later, a similar situation perhaps will arise 
with reference to Ricotta or Ricotone. In the 
New York area Ricotone cheese is that same 
type called Ricotta in the Midwest. Official 
hearings for the standard of identity for Moz- 
zarella cheese are over, and anything said here 
will not influence the forthcoming decision. 
Still, this decision may be delayed for a long 
while. Perhaps enough time exists even now 
for the industry to settle the issues by them- 
selves. While the cheese industry remains split 
on this issue, the American consumer goes along 
very poorly informed on the merits of various 
types of Italian soft cheese. For example, what 
is a true Mozzarella cheese? If we use the 
argument that Mozzarella should be that made 
in Italy many hundreds of years ago, then 
buffalo would be ranging through Wisconsin 
and New York, because for many years, in 
Italy, Mozzarella was made from buffalo milk. 
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Even today a certain proportion of the cheese 
in Italy is from buffalo milk. Perhaps a better 
criterion to use is to identify American Moz- 
zarella with the Mozzarella cheese of modern 
Italy. But this cheese appears as different 
things to various travellers from the States. 

In August, 1959, the writer traveled to Italy 
and spent some time with the research people 
at the National Cheese Experiment Station in 
Lodi, visited a number of Italian factories 
making Mozzarella, and finally visited various 
stores. 

The Italian cheese made in modern Italy is 
mostly from pasteurized cows’ milk, acidified 
with S. lactis starters generally. It is soft, 
white, and often packaged in Cryovac. Accord- 
ing to Professor Carbone, Director of Research 
at Lodi, modern Mozzarella cheese has a mois- 
ture content of about 55%. There may be 
other types of Mozzarella cheese, but these 
were not evident. It was stated that a slightly 
drier cheese was sometimes sold to restaurants 
for pizza pie, but was not called Mozzarella 
cheese. It is interesting to state that Mr. A. 


Locatelli of the Locatelli Cheese Company is 
making in his new Rome plant this same Moz- 
zarella cheese from Enterococci starter of the 
DK type. 

After considering all aspects of the question, 
what is wrong with having two distinctive types 
of cheese in the Mozzarella line? Why not 
have a Mozzarella cheese and a Pizza cheese? 
Just as the car industry has found it profitable 
to make many types of cars within their own 
lines, it would seem to me that the Italian soft 
cheese industry could benefit similarly and make 
available to the consumer a group of very dis- 
tinet cheeses within a classification. Surely, 
total sales of Italian soft cheese will increase 
if the consumer is given an opportunity for 
a wider choice. 

If the entire Italian soft cheese industry 
wishes to prosper, it must form in the con- 
sumer’s mind a picture of distinctive qualities 
in Mozzarella and Pizza cheese and later Ricotta 
and Ricotone cheese. This will never be aec- 
complished by prolonged and bitter contro- 
versies, but only by a better understanding of 
all problems. 


THE DAIRY INDUSTRY IN THE U.S.S.R.! 


C. W. Haun 
Department of Agricultural Engineering, Michigan State University, East Lansing 


AND 


K. D. BuTLer 
Aveo Corporation, Ithaca, New York 


Dairy industry in the U.S.S.R. is forging 
ahead. Progress is being made on all fronts. 
There has been a great increase in the number 
of dairy cattle in Russia during recent years, 
and the productivity per cow is increasing 
rapidly. True, from detailed studies, we are 
not at all sure how accurate their figures are; 
but, based on recent reports, real progress is 
being made in the production, processing, and 
distribution of milk and other dairy products. 

At the same time, it is well to remember 
that, based on the best available comparative 
report of work required in the U.S.S.R. and 
in the U.S.A., the average Russian has to work 
about 4% times as long to buy a quart of 
milk as does an American. He must work 33 
min. to buy a quart of milk as compared with 
7 min. in the U.S.A. If the Russian wants to 
buy a pound of butter, he must work for 3 hr. 


*The authors were members of a six-man ex- 
change delegation to the Soviet Union in 1958. 


and 20 min., as compared with about 20 min. 
in tke U.S.A. A pound of beef requires 1 hr. 
and 31 min. of worktime as compared with 22 
min. in the U.S.A. (18). 

During August and September of 1958 it 
was the privilege of the authors to spend 30 
days traveling and studying agriculture in the 
Soviet Union. They were part of a delegation 
of six that had gone to the U.S.S.R. as part 
of the exchanges in cultural, technical, and 
educational fields which had been functioning 
during 1958 and 1959. 

While in Russia, the authors had an oppor- 
tunity to study the over-all pattern of the 
dairy industry. They talked with dairy sci- 
entists, visited state and collective farms, es- 
pecially dairy farms, and saw the distribution 
of milk through local markets and stores. A 
special visit was made to one of the five major 
milk combines, located in Moscow. At a num- 
ber of research institutes, progress in dairy 
science was observed. 
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DAIRY FARMING 


While traveling through the U.S.S.R., severai 
dairies were visited in the Ukraine and in the 
Newlands of Siberia, where milk production 
is encouraged greatly. 

Dr. Lazar Volin of the USDA, a member of 
the Farm Economies Exchange Delegation in 
1959 has reported that in May, 1957, Khrush- 
chev had initiated a new agricultural drive in 
the U.S.S.R. in which he announced the inten- 
tion of the Soviets to surpass the United 
States in per capita production of milk and 
meat. As far as milk is concerned, Khrushchev 
believed they could accomplish this goal in 
1958. Therefore, it was no particular surprise 
that official reports were released in Russia 
in January, 1959, to this effect. 

On January 16, 1959, the New York Times 
reported that the Soviets had announced that 
their 1958 production exceeded that of the 
United States (2). However, their per capita 
production lags behind the United States because 
of their greater population—approximately 
210 million, compared with our 178 million. 

Figures 1, 2, and 3 show comparative figures 
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as they have been made available through 
various sourees (11), (13), (19) as to produc- 
tivity of the dairy industry in the U.S.S.R. and 
in the U.S.A. When it comes to the individual 
production of cows or dairies, it is quite a differ- 
ent story. In 1958, U.S. dairy cows produced 
an annual average of 6,330 lb. of milk per 
cow. For the same year, Russia’s own figures 
indicate that they averaged about 4,000 lb. of 
milk per cow on collective farms. They claimed 
that their production per cow on privately 
owned farms was only 3,625 lb. per cow (13). 
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This is misleading because there are prob- 
ably no large privately owned dairies. The 
privately owned cows are held as individual 
animals by a family, principally for family 
needs. As of October 1, 1956, of 30.9 million 
cows in the Soviet Union, 37.1% were on ecol- 
lective farms, 6.4% on state farms, and 56.5% 
were privately owned, principally by collective 
farm workers (16). There is a reason for this, 
which will be elaborated on later. 

Khrushchev stated in December (11) that 
the production of one centner (220.5 Ib.) 
of milk required 9.9 man-hours on Soviet state 
farms and 14.7 on collective farms. This com- 
pared with 4.7 man-hours on U.S. farms. 

State organization. As _ background, one 
needs to realize that the Soviets are still making 
ing a hard drive to organize state farms in 
preference to collective farms, and also to get 
people to give up their private cows for inclu- 
sion in the larger, more efficient dairy herds. 
As one inducement to get individual owners 
to give up their cows, collective farms sell 
milk to the workers at a much lower price than 
the state pays the farms for their milk. This 
is meant to convince the individual owner that 
he would contribute more in the way of pro- 
ductivity of the large herd, rather than with 
his privately owned cow. 

The government discourages raising animals 
on the family plots because it is an inefficient 
use of labor. The family plot is about 1 acre 
or less in ‘size. There are about 5,800 state 
farms and 78,000 collective farms in the Soviet 
Union. About 50% of the farms are electri- 
fied. Collective farms vary from 2,000 to 
40,000 acres, with the average being about 
15,000 acres (with 4,200 acres in cropland) 
and occupy 70% of the land. 

Barn construction and facilities. The dairy 
barn is typically a one-story structure with 
feed and alleyways of concrete or packed 
earth, with wood or steel stanchions, and a 
wood platform for the cows. Feed carts and 
water cups were used in some areas. Feed and 
straw are stored on the ground level, often 
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outside the main barn. Ensilage is usually 
placed in a horizontal underground silo built 
of brick, concrete, stone, or soil, although there 
appears to be a trend to use above-ground hori- 
zontal silos. These silos are about 5 m. in di- 
ameter and 5 m. deep, or 5 m. deep and 5 m. 
wide, with the length variable. Temporary 
milking barns are used for the cows in the 
summer. They are principally of pole-type 
construction. Electricity is usually furnished 
to these units by stationary diesel-electric gen- 
erators. It is claimed there are 1,000 six-cow 
milking parlors. One outdoor milking parlor 
Was seen. 

Beet tops and other crop by-products are 
used for silage. Corn with the ears removed 
is used for fodder and silage. Special harvest- 
ing equipment is available for removing ears 
and chopping stalks in one operation. In some 
areas, green forage was chopped and fed at 
the barn. Green forage is supplied early in 
the spring in the form of winter rye, silage 
corn, and sweet lupine, and supplemented with 
hay and straw. 

Breeds of cattle and management. There is 
one fundamental reason why it would be vir- 
tually impossible for the Soviet Union in the 
very near future to equal the production per 
cow of that in the United States. Most of the 
cows used for dairy purposes in the U.S.S.R. 
are dual-purpose animals. They are beefy and 
apparently have been selected for meat and 
milk. Some animals are multi-purpose—meat, 
milk, and beast of burden. There are many 
different breeds of cows. Animals are im- 
ported and crossed with native cattle. The 
identification of a new breed is based on the 
area of breeding. The Simenthal cow is the 
most popular and resembles the Guernsey in 
color. Other popular breeds are the Ukrainian 
Red Steppe, the Shorthorn, the Kholmozorsk, 
and the Holstein-Friesian. 

Characteristics of four dominant breeds of 
eattle are as follows: (8) (9) 


Breed Weight 
(lb.) 
Simenthal 1,450 to 1,650 


Red Steppe 

Black Spotted 
(black and white 

Lebedinsky 


1,100 to 1,200 
1,200 to 1,450 


1,300 to 1,500 


Other breeds are known as Besterzhev, Altan, 
Kostroma, Polish Red Cattle, Ukraine Red 
Cattle, Kurgan, Tagil, Red Gorbatov, and 
Brown Latvian. 

Apparently, most cows are milked three 
times per day (at 54.m., 12 Noon, and 8 p.m.). 
Milkmaids work four days and then have one 
day off. The pay for the milkmaids at the Tel- 
man Collective was about 1,000 rubles’ per 


?1 ruble = 100 kopeks = 20 cents (official ex- 
change) = 10 cents (tourist exchange). 
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month plus some milk. The milkmaids are re- 
sponsible for feeding, caring, and milking 
the cows. The milking machines were of the 
former DeLaval type, with the inflation ring 
in the teat cup. Aluminum milk pails predomi- 
nated. 

Artificial insemination is used rather widely. 
In fact, it is reputed to be used with 75% of 
all dairy cattle. Free artificial insemination is 
provided by the state to all collective and state 
farms and to the privately owned cattle. It 
is widely used by veterinarians not only with 
cattle but with sheep, horses, and to some extent 
swine. It is obligatory in herds where trichinosis 
and brucellosis exist. 


GENERAL IMPRESSIONS OF AGRICULTURE 


The U.S.S.R. comprises a land of enormous 
physical and human resources. It oceupies al- 
most 1/6 of the total land in the world—about 
five billion acres. One-third of Russian land 
is forested, and makes up about 18% of the 
world’s forest land. Less than 1/10 of its land 
is cropped, and much of its land is either 
swampy or lacks adequate moisture. 

The majority of the cropland lies farther 
north than the United States. Today, the Soviets 
are farming a few million acres less than a 
half-billion acres of cropland to feed their 
210 million people. This compares with ap- 
proximately 360 million acres to care for 178 
million people in the U.S.A. 

Russia has ample farm land, and huge acre- 
ages have been brought under cultivation dur- 
ing the last 5 yr. However, the growing season 
is short. Women do a great deal of the farm 
work, and almost all of the land is in large 
collective and state farms, with small plots 
of an acre or so being allocated to families to 
be used as kitchen plots behind their dwellings. 

Problems. Traditionally, Russia has had 
difficulty in adequately feeding its people. This 





Average 


Milk butterfat 
(lb. per year) (%o) 
11,000 to 12,750 3.8 to 4.1 


3.6 to 4.1 
3.5 to 3.8 


8,800 to 11,000 
10,000 te 12,000 


9,500 to 11,500 3.8 to 4.1 


is the basic incentive in attempts to develop 
large collective and state farms. The idea was 
to greatly increase mechanization and efficien- 
cy of food production. Although great prog- 
ress has been made in food production in the 
Soviet, it is significant that there is believed 
to be no more livestock in the U.S.S.R. today 
than there was prior to the Revolution in 1917, 
and about half of the livestock is in the hands 
of individuals rather than being owned by the 
large farms. 
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The greatest single deterrent in Soviet agri- 
culture is the fact that they have not yet 
found a way to produce the crops necessary to 
sustain a large animal agriculture. True, the 
Soviets grow more than twice as much wheat 
as does the United States. They grow more 
oats, more barley, and 25 times as much rye; 
but this year they produced only about 1/12 
the amount of corn grown in the United States. 
Most of the corn is used in silage and since 
their seasons are short, it is difficult to mature 
it as grain. Considerable effort is being ex- 
pended to develop new varieties for shorter 
growing seasons. 

Mechanization. The Soviets are highly mech- 
anized when it comes to tractor power, plow- 
ing, tilling, planting, and combining grains; 
and it is true that their agriculture is still 
primarily a grain economy. However, in many 
of their other farm operations they are poorly 
mechanized. A great deal of human labor is 
still employed, particularly women. The 
U.S.S.R. now has about one tractor for every 
350 to 400 acres of arable land, compared to 
one for every 80 to 100 acres in the United 
States. 

There is increased effort in farmstead mech- 
anization but, as a measure of their status in 
the dairy industry, about 88% of all the cows 
in Russia are still milked by hand—mostly by 
women. There are virtually no farm fences. 
Nearly all livestock except those in barns or 
barnyards are shepherded. 

For many years, much of the Soviet equip- 
ment has been copied from the United States and 
Europe; but there is evidence that they are 
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making their equipment based on innovations of 
their own. For example, an experimental model 
of a large power take-off manure spreader was 
seen. It was equipped with hydraulic motors and 
with a movable, reversible bed so that the 
spreader could be tilted back, pushed into a 
pile of manure, and loaded with the same 
mechanization as used to spread the material 
in the field when reversed. 

Most Russians seemed to be adequately fed 
but often poorly clothed. .They have conquered 
hunger and famine, but when it comes to effi- 
ciency and mechanization on the farm, there 
is no question but that they are far behind 
the United States. In any measure, the U.S.A. 
produces more than the Soviets by an average 
of three to six times in terms of man-hours. 

Veterinarians play an important part in the 
dairy industry in Russia, just as they do in 
the United States. The usual milk inspection 
procedures such as butterfat testing, sediment 
checking, bacterial culture, etc. are conducted 
with milk brought to the market. This is not 
always done by veterinarians, but is usually 
under their supervision. 

At none of the farms visited was milk being 
pasteurized. Any cooling of milk on farms 
is primarily by cold water or ice, although the 
majority of milk is not cooled at all on farms. 
It is shipped to a receiving station where it 
is pasteurized or processed. 


DAIRY PROCESSING 


The amount of mechanization of dairy proc- 
essing plants can be judged by the use of 6,300 
pasteurizers, 50,000 separators, and 3,000 refrig- 
eration compressors in the Soviet Union in 1957 
(20). The consumption of dairy products in the 
Soviet Union is about 750 qt. of milk, 8 lb. of 
butter, and 8 lb. of margarine per person 
annually. 

All milk sold in bottles in Moscow and in 
other major cities is pasteurized. Milk in mar- 
kets and in the streets in milk trucks was 
measured out or drawn off in buckets and bot- 
tles for people as they passed by. The techni- 
cians at the Moscow Milk Combine told us 
that usually this milk is not pasteurized, al- 
though some of it might be. 

Some of the milk had a slight scorched 
taste. Milk brought to the plant must be 3.2% 
butterfat or above, but no extra payment is 
made for higher butterfat content. It is inter- 
esting, however, that contrary to practice in 
the United States, farmers are paid a premium 
for extra milk they produce. This indicates 
that it is definitely a government policy to 
sponsor increased milk production in the 
U.S.S.R. 

Milk moved from the farm to collecting or 
receiving stations to the processing plant. In 
the Moscow area the collecting station paid 
an average base price of 1 ruble 5 kopeks per 
liter for milk received from the farms. At 
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Zaporozhe, where milk was hauled 45 kilom- 
eters without being cooled, the price was 1 
ruble 10 kopeks per liter. For milk produced 
above an established quota an additional 60 
kopeks per liter was paid above the base price. 
The fluid milk processing plants pay the re- 
ceiving stations 1 ruble 5 kopeks per liter 
(1,120 rubles per 2,200 lb.). Milk delivered 
to manufacturing plants for canning and for 
cheese received a slightly higher price—about 
10 kopeks per liter more than fluid milk. 

At Kiev, the price of milk in stores was 2 
rubles and 50 kopeks for 0.5 liter. For ho- 
mogenized milk, the price was 2 rubles and 
70 kopeks for 0.5 liter. An extra charge of 
5 kopeks per bottle was made for home deliv- 
ery. A ean of condensed milk sold for 5 rubles; 
whipped butter, 17.5 rubles per kilo; regular 
butter, 28.5 rubles per kilo; cheese, 29 rubles 
per kilo; cottage cheese, 13 rubles per kilo. 
In Moseow, comparable prices were found. 
The inerease in butter and cheese production 
is shown in Figures 4 and 5. 

Pasteurization is done at 74° C. (167° F.) 
with a 20-sec. plate holder. Standardization of 
milk is not practiced. Brine cooling is used 
in the plants. Pasteurized milk is delivered 
in bulk to factory centers and working centers. 
Bottled milk production requires 3.6 man-hours 
per ton and the lowest that has been obtained 
in a modern plant visited in Moscow was 3.43 
man-hours per ton for the month of July for 
the production of pasteurized bottled milk, 
most of which was in liter and half-liter con- 
tainers. 

There are five milk enterprises in Moscow, 
of which the one visited was the newest and 
still under construction. The total plant oceu- 
pies four floors of 16,000 sq. m per floor or 
64,000 sq. m (about 576,000 sq. ft.) An apart- 
ment house is being built as part of the fac- 
tory which will have 10,000 sq. m of living 
space for the workers. The plant has been in 
operation for 3 yr. The plant processes about 
500 tons of milk per 24 hr. and most of the 
fluid milk is placed in one-half-liter bottles. 
A refrigeration capacity of 1,200,000 calories 
per hour (400 ton) was used. Four 24-head 
vacuum filling machines, each with a capacity 
of 12,000 glass bottles per hour, were being 
used. Automatic case fillers placed 20 bottles 
in a case. In addition to bottled milk they 
make cream with 10% butterfat, fresh cheese, 
cottage cheese, cream cheese with raisins, and 
kafir milk. 

An Alpha-Laval Swedish pasteurizing unit 
was used, with plate holding section. The ap- 
paratus pasteurized 10 tons per hour. Some 
tinned-copper lines and some brass valves which 
were plated were in use. The storage tanks were 
painted green on the inside and white on the 
outside. A stand pipe glass in the front of each 
tank, similar to a boiler water level tube, was 
used to indicate the level of milk in the tank. 





Thirty tanks (about 2,000 gal.) were in the 
plant. A three-blade agitator which operates at 
65 r.p.m. was used for mixing. A spray cleaning 
apparatus consisting of a pipe approximately 
4 ft. long, which extended down from the top 
of the tank, with a 3-in. diameter perforated 
ball at the end, was installed in each tank. 
The cleaning solution was forced in at 30 to 
40 p.s.ig. for spraying the tank. All of the 
milk was elarified in Alpha-Laval units as re- 
ceived. 

The cheese packaging line was well-mech- 
anized. The cheese was pulverized and han- 
dled mechanically and put in wax paper or 
paraffin. The small cheese carried the label, 
Cpipok. For packaging, the product was placed 
in a cell over a parchment and a plunger from 
above forced the product into the parchment 
in the cell. A well-equipped laboratory was 
available and the control tests consisted of a 
general count of bacteria, the quality of the 
product as affected by bacteria, sediment 
counts, and a check for heat-resistant organ- 
isms. 

When the production plan is met, the pay 
is inereased 20% over the base price. For 
each 1% over the plan, the employee receives 
from 1 to 3%, depending upon his salary. 

With milk, just as with wheat, the Russians 
found it almost impossible to believe that in 
the U.S.A. there is a surplus of butterfat and 
other animal fats, and that people were paid 
less to produce milk used in manufacturing 
than for fluid milk. They were also amazed to 
learn that efforts were being made in the 
United States to develop animals that would 
produce a higher percentage of solids other 
than fat and to produce meat animals with less 
fat. Fat has always been a short item in the 
Soviets. It is for this reason that they have 
greatly expanded their production of sunflowers 
and castor beans. 

The dairy industry in the U.S.S.R. gets top 
priority from the Kremlin leaders, as does 
agriculture in general. Yet, both in quanti- 
tative production and quality of most dairy 
products, Russia is far behind the United States. 
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Tuesday, June 21 
10:15 a.m.-12 :15 p.m, 
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Symposium: Milk Solids-Not-Fat (See Production Section) 
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Wednesday, June 22 
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:30-11 :30 a.m. 


Section A. Milk Proteins 
Edith Bowen Auditorium 


Section B. Market Milk 
Edith Bowen, Room 9 


Section C. Butter and Cheese 
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1:00— 4:00 p.m. 
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An Address: The Honorable Ezra Taft Benson, Secretary of 
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Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods. 


Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin 
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SECTION A. 
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1:00-4:00 p.m. Nutrition and Management 
4:00-5:00 p.m. Joint with Extension Section 

Reducing Milk Production Costs 

Forestry Building Auditorium 

5 :00— 6:00 p.m. 
Joint with Extension Section 
Joint Committee Reports 

Dairy Cattle Breeding 

Dairy Cattle Type 

Dairy Cattle Health 

Forestry Building Auditorium 

1 :00-5 :00 P.M. 


Section B. Rumen Physiology 
Forestry Building, Room 230 


Tuesday, June 21 
8 :00-10 :00 a.m. 


Section A. Genetics 
Forestry Building Auditorium 


Section B. Milk Secretion 
Forestry Building, Room 230 
9 :00-10 :00 a.m. 


Program SPONSORED BY ASSOCIATION’S EvuCATION COMMITTEE 
Forestry Building, Room 305 


10:15 a.m.—12:15 p.m. 


GENERAL BusINEss MEETING OF THE ASSOCIATION 
University Auditorium, Old Main 
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2:00— 4:30 P.M. 
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Symposium: Milk Solids-Not-Fat 
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Forestry Building, Room 230 
4:30- 5:30 P.M. 
JOINT WITH EXTENSION SECTION 
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Forestry Building Auditorium 


Wednesday, June 22 
8 :00 a.m.—12 :00 m. 
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Forestry Building Auditorium 
Section B. Nutrition 
Forestry Building, Room 230 
1:00— 4:00 p.m. 
JOINT WITH MANUFACTURING AND EXTENSION SECTIONS 
Field House 


An Address: The Honorable Ezra Taft Benson, Secretary of 
Agriculture 


Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods 


Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin 
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Joint Committee Reports 
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Tuesday, June 21 
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Ag. Science, Room 205 
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GENERAL BusINEss MEETING OF ASSOCIATION 
University Auditorium, Old Main 
2 :00— 4:30 p.m. 
JOINT WITH PRODUCTION SECTION 
Symposium: Milk Solids-Not-Fat 
Forestry Building Auditorium 
4:30- 5:30 p.m. 
JOINT WITH PRODUCTION SECTION 
Meeting of Superintendents of Official Testing 
Forestry Building Auditorium 


Wednesday, June 22 
8 :00—-10 :00 a.m. 
A.B. Proved Sires and Mastitis Control 
Ag. Science, Room 205 
10:00 A.m.—12 :00 m. 
The Evaluation of Forages 
Ag. Science, Room 205 
1:00— 4:00 p.m. 
JOINT WITH PRODUCTION AND MANUFACTURING SECTIONS 
Field House 


An Address: The Honorable Ezra Taft Benson, Secretary of 
Agriculture 


Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods 


Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin 


STUDENT BRANCH SECTION 


Monday, June 20 
9:00 A.M. 
Registration 
Student Union, Room 226 


10:00 a.m. 
Organization Meeting and Committee Appointments 
Student Union, Room 226 
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11:30 a.m. 
Special Luncheon with Certain A.D.S.A. Members 


Tuesday, June 21 
8 :30 A.M. 
Committee Reports and Discussions 
Student Union, Room 226 


Wednesday, June 22 
8:30 a.m. 
Discussion of Exhibits, Election, and Meeting of Officers with Student 
Branch Committees 
Student Union, Room 226 


ENTERTAINMENT 


GENERAL PROGRAM 


Sunday, June 19 8 :00 p.m.—-Informal Get-Together 
Student Union Building 

Monday, June 20 5 :30 p.m.—Chicken Barbeque 
Amphitheater 


8:00 p.M.—L.D.S. Tabernacle Choir 
Field House 
:00 p.M.—Recognition Program and Presentation 
of Awards 


University Auditorium, Old Main 


ie 2) 


Tuesday, June 21 


WOMEN’S PROGRAM 


Monday, June 20 9:00 a.m.—Visit University Campus and Shopping 
to 11:30 a.m. in Logan Business District 
1:30 p.m.—Tea at the Home of President Chase, 
Campus 
5:30 p.m.—Chicken Barbeque 
Amphitheater 


8 :00 p.m.—L.D.S. Tabernacle Choir 
Field House 


Tuesday, June 21 10:15 a.a.—General Business Meeting of the Asso- 
to 12:15 p.m. ciation 
University Auditorium, Old Main 
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12:15 p.w.—Special Luncheon 
to 2:00p.m. Student Union 


2:15 p.m.—Tour at Logan Temple and Tabernacle 
to 4:30 p.m. Grounds, and Logan Canyon to Point 
Overlooking Bear Lake.* 


3:00 p.m.—Historic Utah, Story with Pictures.* 
to 4:30p.m. Student Union 


8:30 p.m.—Recognition Program and Presentation 
of Awards 
University Auditorium 
Wednesday, June 22 10 :00 A.a.—Historic Utah, Story with Pictures. 
to11:00 a.m. (repeat) 


CHILDREN’S PROGRAM 
(See Separate Program ) 


Children 4 and 5 Years 


Monday, June 20 9:30 a.m.—Supervised Care 


Tuesday, June 21 to 11:00 a.m. Nursery School 
Wednesday, June 22 2 
1:30 p.w.—Supervised Care 


to 4:30p.m. Nursery School 


Children 6-12 Years 


Monday, June 20 
Tuesday, June 21 9 :30 a.m.—Recreation on the Quadrangle 
Wednesday, June 22 to 11:00 a.m. 


1:30 p.m.—Recreation on the Quadrangle 
to 4:30 P.M. 


Children 8-12 Years 
2 :30 p.m.—Swimming 
to 4:30p.m. Smart Gymnasium 


Young People—1i2 and Older 


Monday, June 20 9 :00 A.m.—Tour of Campus and Vicinity 
to 11:00 a.m. 
Tuesday, June 21 9 :00 a.m.—To Old Juniper, Logan Canyon 
to 3:00 p.m. Box Lunch 
3:00 p.m.—Swimming 
to 4:30 P.M. 


7 :30 p.m.—_Teen-age Mixer and Dance 
to 9:30p.m. Student Union Ball Room 





* Optional tour or historic pictures. 
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Wednesday, June 22 9 :30 a.m.—Recreation on the Quadrangle 


to 11:30 a.m. 


1:30 p.m.—Recreation on the Quadrangle 
to 4:00 P.M. 


2 :30 p.m.—Swimming 
to 4:30pm. Smart Gymnasium 


MANUFACTURING SECTION 


Monday, June 20 


8 :15—-11 :00 a.m. 


Aut Sections. Milk Lipids Symposium 


Sruart Patton, Chairman 
Edith Bowen Auditorium 


Milk fat synthesis. J. R. Luicx, University of California. 

Gas chromatographic analysis. Stuart Parton, Pennsylvania State Uni- 
versity. 

Origin of depot fat. S. B. Tove, North Carolina State College. 


Autoxidation of milk fat. E. A. Day, Oregon State College. 


11 :15-12 :00 m. 


MANUFACTURING SECTION Business MEETING 
Stuart Parton, Chairman 
Edith Bowen Auditorium 


1:30-— 4:00 p.m. 


M2. 


M4. 


— 
— 
wt 


M6. 


M7. 





Section A. Dairy chemistry 
E. L. Jack, Chairman 
Edith Bowen Auditorium 


The quantitative determination of fatty acids by gas chromatography. 
C. W. Geurxe, D. F. Gorrnirz, C. O. RicHarpson, anp H. D. JOHNsoN, 
University of Missouri. 

Application of gas chromatography to the study of volatiles formed in 
milk fat upon heating. W. W. Nawar, F. M. Sawyer, W. FLETCHER, AND 
I. S. Facerson, University of Massachusetts. 

The crystallization behavior of milk fat. J. M. peMan, University of 
Alberta, Edmonton, Canada. 

The trisaturated glycerides of butteroil. E. G. Hammonp, Iowa State 
University. 

Distearyl triglycerides in the high melting fraction of milk fat. P. G. 
KEENEY, Pennsylvania State University. 

The fatty acid composition of the monoglycerides from lipolyzed milk fat. 
R. G. JENSEN anp G. W. Ganper, University of Connecticut. 

The characterization of the oxidized flavor in butteroil. A. M. EL-Nracoumy 
AND E. G. Hammonpn, Iowa State University. 
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M8. The relationship of sensory to chemical methods for measuring the oxi- 
dized flavor of milk fat. D. A. Linuarp anp E. A. Day, Oregon State 
College. 


M9. Studies on rapid determination of lactose in raw milk. N. W. Durrant 
AND K. W. Stone, Virginia Polytechnic Institute. 


M10. The kinetics of milk acid phosphatase. G. C. KrEsHEeck, W. J. HArpEr, 
AND T. KRISTOFFERSEN, Ohio State University. 

1 :30— 4:00 p.m. 
Section B. Dairy Manufacturing Extension 


R. B. Reprern, Chairman 
Edith Bowen, Room 9 


TECHNOLOGICAL AsPEcTS OF Dairy PropucTs MANUFACTURING: 

Advertising and merchandising research in the dairy industry. Jack 
Weber, University of Idaho. 

Trends in dairy products merchandising and their impact on the dairy 
industry. Epwarp THom, The Olsen Publishing Co., Milwaukee, Wis- 
consin. 

Modern concepts of dairy plant engineering. A. L. Rippen, Michigan 
State University 

Trends in ultra-high temperature pasteurization of dairy products. 
W. M. Roserts, North Carolina State College. 


1:30—- 4:00 p.m. 


Section C. Antibiotics and Market Milk 
BurDET HEINEMANN, Chairman 
Rural Arts Building 


M11. The milk and microbial lipases as affected by antibiotics. R. C. CHANDON 
AND K. M. SHawant, University of Nebraska. 


M12. Rapid antibiotic assay methods using Bacillus stearothermophilus. R. T. 
IearaAsHI, R. W. Baueguman, F. E. Netson, anp P. A. Hartman, lowa 
State University. 


M13. A study of dye reduction methods as platform tests for the detection of 
antibiotics. BurpeT HrrineEMANN, Producers Creamery Co., Springfield, 
Missouri. 


M14. Problems of design in simple field tests for antibiotics in milk. F. V. 
KostKowsKI AND R. A. Leprorp, Cornell University. 


M15. Penicillin levels in milk following parenteral administration of procaine 
penicillin G. Yusar Vamp, C. C. Prouty, A. O. SHaw, anp R. E. Warts, 
Washington State University. 


M16. The use of antifungal agents in the retardation of Cottage Cheese spoil- 
age. K. M. Nitson, M. Carrancepo, AND K. M. SHanani, University of 
Nebraska. 


M17. Further studies of lipase activity in the milk of individual cows. E. S. 
GUTHRIE AND B. L. Herrineton, Cornell University. 








M19. 


M20. 
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The influence of storage temperature on lipolytic activity in individual 
cows’ milk. P. E. JoHNsoN AND R. L. Von GunteEN, Oklahoma State Uni- 
versity. 


Relation between the phosphatase activity of raw and pasteurized milk. 


J. B. Mickie, Oklahoma State University. 


The effect of temperature on the keeping qualities of milk in market 
channels. G. E. Huskxey, J. E. Epmonpson, anp K. L. Smrrn, University 
of Missouri. 


4:00- 5:00 p.m. 


MANUFACTURING SECTION Business MEETING 
Stuart Parton, Chairman 
Edith Bowen Auditorium 


5 :00— 6:00 p.m. 


Propucts JuDGING COMMITTEE AND COACHES’ MEETING 
E. L. Taomas, Chairman 
Edith Bowen, Room 9 


Tuesday, June 21 


8 :30-10 :00 a.m. 


i 
re 
bo 


M24. 


i 
_ 
bo 
ee | 


M26. 


3. 


Section A. Dried Products 
Sruart Parron, Chairman 
Edith Bowen Auditorium 


Manufacture of high-acid powder from Cottage Cheese whey and skimmilk. 
J. C. Barnes, C. M. Sting, ano T. I. Heprick, Michigan State University. 


Comparison of flavor and some other chemical properties of noninstant- 
ized and instantized nonfat dry milk. J. B. MANN anp J. M. McIntire, 
Carnation Company, Van Nuys, California. 


The effect of an oxygen scavenger ‘‘ packet,’’ desiccant in-package system 
on the stability of dry whole milk and dry ice cream mix. R. I. Meyer 
AND Louis JoKAy, Quartermaster Food and Container Institute for the 
Armed Forees, Chicago, [linois. 


The effect of forewarming treatments on the flavor of nonfat dry milk. 
Maxine McDivirt, A. M. Swanson, anp La VELLE Witrtwer, University 
of Wisconsin. 


Effect of moisture content, storage temperature, and oxygen level on 
flavor stability of foam-dried whole milk. ARJEN Tamsma, M. J. PAL- 
LANSCH, T. J. Mucna, anp W. I. Parrerson, Eastern Utilization Research 
and Development Division, USDA, Washington, D.C. 


Reconstitution of dry milk products. G. H. Pyne anp S. T. Cou.rer, 
University of Minnesota. 


8 :30—10 :00 a.m. 


Section B. Cottage Cheese 
M. L. Speck, Chairman 
Edith Bowen, Room 9 











M27. 


M28. 


M29. 


M30. 


M31. 


M32. 
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The influence of package upon the temperature of Cottage Cheese in retail 
marketing channels. J. W. SHERBON AND E. L. THomas, University of 
Minnesota. 


A study of the surface spoilage defect of Cottage Cheese. H. K. Zmmer- 
MAN AND L. T. Kester, Carnation Company, Van Nuys, California. 


The use of frozen culture as a direct inoculum for making Cottage Cheese. 
A. W. Rupnick, Jr. anp W. E. GLENN, University of Kentucky. 


Factors affecting the total lactic acid concentration in Cottage Cheese. 
H. RanpDOLPH AND W. J. Harper, Ohio State University. 


A reduction test to predict the keeping quality of Cottage Cheese. L. G. 
HarMON AND G. C. WALKER, Michigan State University. 


The keeping quality of Cottage Cheese packaged under high vacuum, 
nitrogen, and carbon dioxide. C. N. Tsantiuis anp F. V. Kosrkowsk1, 
Cornell University. 


8 :30-10 :00 a.m. 


M33. 


M34. 


M36. 


M38. 


Section C. Concentrated and Frozen Products 
Burpet HEINEMANN, Chairman 
Rural Arts Building 


The reactions of consumers to sterile concentrated milk. H. E. CALBEert 
AnD H. C. Jackson, University of Wisconsin. 


A study of some factors related to the storage life of sterilized concen- 
trated milk. M. E. Seemarer anp A. M. Swanson, University of Wis- 
consin. 


The effect of deaeration on the flavor stability of concentrated sweetened 
cream. H. A. ANperson, R. W. Beuu, anp R. P. Tirrster, Eastern Utili- 
zation Research and Developmert Division, USDA, Washington D.C. 


Resistance to heat shock damage in ice cream containing corn sweeteners 
with different dextrose equivalents. P. G. KEENEY AND D. V. JosEPHSON, 
Pennsylvania State University. 


Variations of soft-serve ice cream churning times caused by certain 
rations fed to dairy cows. D. R. Frazeur anp C. H. Nouuer, Purdue Uni- 
versity. 


An explanation for reduced incidence of sandiness. T. A. NICKERSON, 
University of California. 


9 00-10 :00 a.m. 


ProGRAM SPONSORED BY ASSOCIATION’S EpUCATION COMMITTEE 
Forestry Building, Room 305 


10:15 a.m.—12:15 p.m. 


GENERAL Business MEETING OF THE ASSOCIATION 
A. C. Fay, Chairman 
University Auditorium, Old Main 
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1:30— 4:30 p.m. 


M39. 


M40. 


M41. 


M42. 


M45. 


M46. 


M47. 


M48. 


M49. 


M50. 


Section A. Dairy Chemistry 
Stuart Parron, Chairman 
Edith Bowen Auditorium 


Effects of surface-active agents on milk lipase activity. V. S. Packarp 
AND J. J. JEZESKI, University of Minnesota. 


Some factors influencing the A-, B-, and C-esterase activity of cow’s milk. 
T. L. Forster, M. W. Montcomery, ano J. E. Monroure, Washington 
State College. 


The specificity of milk lipase toward the primary ester groups of triglycer- 
ides. G. W. GANDER AND R. G. JENSEN, University of Connecticut. 


Comparison of the Cenco, Ohaus, and Mojonnier methods for determining 
total solids of dairy products. M. K. Horr.in anp J. J. SHeurine, Univer- 
sity of Georgia. 


Exploratory analyses of silage volatiles which may affect milk flavor. 
M. E. Morean, University of Connecticut. 


Gas chromatography of volatiles of fermented milk products. V. S. Bavr- 
sorro, L. A. Rock, anp R. S. Lesnrewsk1, Paul-Lewis Laboratories, Mil- 
waukee, Wisconsin. 


Volumetric determination of calcium and magnesium in milk and blood 
plasma. T. H. Kamau, University of Missouri. 


Heat coagulation of milk from individual cows. JOHN BELEC AND ROBERT 
JENNEsS, University of Minnesota. 


Sedimentation of reconstituted concentrated milks. H. K. Witson Anp 
E. O. Herreip, University of Illinois. 


Ferricyanide reduction values of different milks. I. I. Perers anp C. A. 
Muay, Texas Agricultural and Mechanical College. 


The effect of the strueture of some mereaptans on their amperometric 
titration with silver nitrate. K. Arpara anp E. O. Herren, University of 
Illinois. 


Effect of storage, preheat treatment, concentration, and sterilization on 
the heat-produced sulfhydryl compounds of milk. P. S. Rao anp I. A. 
GouLp, Ohio State University. 


1:30-— 4:30 p.m. 


Section B. Dairy Manufacturing Extension 
W.S. ArsBucKLeE, Chairman 
Edith Bowen, Room 9 
TECHNIQUES Usep IN Datry TECHNOLOGY EXTENSION 


The role of the dairy technologist in extension. C. M. Frerauson, Federal 
Extension Service, USDA, Washington D.C. 


The new dairy industry plant training manual and its application by dairy 
technologists. H. B. HENpERsoN, University of Georgia. 
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PANEL 


A management improvement program. D. J. HANKINSON, University of 
Massachusetts. 

Co-ordinated state-wide programs for producers’ milk quality improve- 
ment. Evert WALLENFELDT, University of Wisconsin. 

The role of short courses, conferences, and newsletters in personnel train- 
ing. M. E. Grecory, Ohio State University. 

Survey analysis of problems in dairy products manufacturing. C. B. 
Reeves, Clemson Agricultural and Mechanical College. 

Working with industry organizations. R. B. Reprern, North Carolina 
State College. 

Summary. W.S. ARBUCKLE. 

Dairy MANUFACTURING ExTENSION BusINEss MEETING 


1:30— 4:30 Pm. 


M51. 


M54. 


M58. 


M59. 


M60. 


M61. 


Section C. Dairy Bacteriology 
M. L. Speck, Chairman 
Rural Arts Building 


Thermodurie microorganisms present in bulk-tank farm milk in Iowa. 
R. A. BucHANAN AND F. E. Netson, Iowa State University. 


Substituting the membrane filter for the standard plate count in the 
bacteriological examination of milk. R. T. MarsHauu anno J. E. Epmonp- 
son, University of Missouri. 


Anaerobic studies with antibiotic-sensitive bacteria. R. A. Leprorp AND 
F. V. KosrkowskI, Cornell University. 


Effect of pH and brine concentration on the thermal process required to 
preserve canned cheese spreads using PA 3678 as a test organism. J. A. 
JAYNES, I. J. Petue, aNp L. G. Harmon, Michigan State University. 


Chemical changes in bacteria heated in milk and other media. W. A. 
Moats, Market Quality Research Division, USDA, Beltsville, Maryland. 


Growth of staphylococci in condensed skimmilk at low and moderate 
temperatures. E. GrorGe, Jr. AND J. C. OLSON, Jr., University of Minne- 
sota. 


Bactericidal effectiveness of hydrogen-peroxide-catalase treatments on 
Staphylococcus aureus. N. F. Orson AND W. V. Price, University of 
Wisconsin. 


Galactokinase and galactowaldenase enzyme activity of Streptococcus 
lactis. K. M. SHawAnt, University of Nebraska. 


Antibiotic resistance of starter cultures belonging to the streptococci. 
R. J. RicHarps AnD H. E. Kennepy, Ohio State University. 


Acid production in the presence of antibiotics. I. Oxytetracycline inacti- 
vating properties of a resistant strain of Streptococcus lactis. E. MiKouau- 
cik, W. J. Harper, AND H. E. Kennepy, Ohio State University. 


Acid production in the presence of antibiotics. II. Effect of nutritional 
additives on oxytetracycline- or penicillin-resistant cultures. H. E. 
Kennepy, Ohio State University. 
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The heat resistance of four strains of psychrophilic organisms added to 
skimmilk for Cottage Cheese manufacture. R. A. CHaupnHary, S. L. 
Tuckey, AND L. D. Wirrter, University of Illinois. 


2:00— 4:30 p.m. 


Symposium: Milk Solids-Not-Fat (See Production Section ) 
Forestry Auditorium 


Wednesday, June 22 


8 :30—11 :30 a.m. 


M63. 


M64. 


M65. 


M66. 


M67. 


M68. 


M69. 


M70. 


M74. 


Section A. Milk Proteins 
C. A. Zitt.te, Chairman 
Edith Bowen Auditorium 


Characteristics of the ‘‘minor’’ proteins of milk. M. P. THompson AnD 
J. R. Brunner, Michigan State University. 


Isolation and characterization of a membrane-protein fraction from the 
fat-globule membrane of raw milk. K. S. RAMACHANDRAN AND R. Mcl. 
Wuirney, University of Illinois. 


Denaturation of the serum proteins of skimmilk heated by direct steam 
injection. C. W. Dirt, W. M. Roserts, M. W. Carter, anp H. L. Lucas, 
North Carolina State College. 


Estimation of the protein content of milk by dye binding with Buffalo 
Black. C. VANDERZANT AND W. R. Tennison, Texas Agricultural and 
Mechanical College. 


Total milk protein and serum protein by steam distillation. W. K. Srone, 
L. F. Cremers, AND N. R. THompson, Virginia Polytechnic Institute. 


Column chromatography of casein on the adsorbent diethylaminoethy] 
(DEAE)-cellulose. C. A. Zirtue, Eastern Utilization Research and De- 
velopment Division, USDA, Philadelphia, Pennsylvania. 


Molecular structural studies on casein. W. G. GopBEy AND C. W. GEHRKE, 
University of Missouri. 


A method for the isolation of the calcium-insensitive casein fraction from 
whole casein. H. E. Swaiscoop anp J. R. BRuNNER, Michigan State Uni- 
versity. 

The effect of pH and concentration of soluble calcium on rennet curd 
tension. U.S. AShworTH AND JOSEPH NEBE, Washington State University. 


Electrophoretic changes in casein and casein fractions resulting from 
rennin. J. O. Youne anp U. 8. AsHwortu, Washington State University. 


Spectrophotometric observations on the reaction of rennin with sodium 
easeinate. L. M. Lipsey anp U. S. AsHwortH, Washington State Uni- 
versity. 


A study of the nonprotein nitrogen liberated by the action of rennin on 
easein. I. 8. Verma anp F. H. Grimsuesy, University of Reading, Reading, 
England. 
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8 :30-11 :30 a.m. 


M81. 


M83. 


M86. 


Section B. Market Milk 
Burpet HEINEMANN, Chairman 
Edith Bowen, Room 9 


Evaluation of circulation cleaning of welded pipelines. R. B. Maxcy aNnp 
K. M. SHauwant, University of Nebraska. 


The use of P** in the study of the cleanability of milk-handling surface. 
J. J. Peters, The Nestlé Company, Marysville, Ohio, and H. E. CaLBert, 
University of Wisconsin. 


The incidence of potentially pathogenic staphylococci in dairy products 
at the consumer level. V. D. Foutz, R. MickELsEN, AND W. H. Martin, 
Kansas State University, and C. A. Hunter, Kansas State Board of 
Health, Topeka. 


Removal of CS1*4* and K** from milk with ion exchange resins. B. J. 
Dermott AND D. G. Easterzy, University of Tennessee. 


Studies on the stability of frozen milk. I. D. Desa1, T. A. Nickerson, 
AND W. G. JenninGs, University of California. 


The use of Gerber reagents with Babcock glassware and equipment as a 
test for fat in homogenized and unhomogenized chocolate milk. J. T. 
CARDWELL, Mississippi State University. 


The density plastic sphere hydrometer for determining solids-not-fat on 
bi-monthly composite samples of producers’ herd milk. N. 8S. Gouprne 
AND L. J. Manus, Washington State University. 


Methods of payment for producer farmers’ milk used for a retail market 
on its actual weight delivered and composition (per cent fat and per cent 
S.N.F.) as obtained from bi-monthly composite samples for one year. 
L. J. Manus anp N. 8. Gotprne, Washington State University. 


Effectiveness of various vacuum, temperature, and steam treatments in 
reducing feed flavors in milk. E. C. Corner, W. H. Martin, R. MIcKeEt- 
SEN, AND W. D. Rutz, Kansas State University. 


Effect of single-chamber vacuum! treatment on flavor and losses of milk. 
A.Eec BRADFIELD, University of Vermont. 


Influence of oat and alfalfa hay on susceptibility of milk to oxidized 
flavor. W. L. DunKuey, L. M. Smiru, anp M. Ronnine, University of 
California. 


A technique for studying the effects of feed and environment on the flavor 
of milk. R. W. DoveHerty anp W. F. Suipr, Cornell University. 


8 :30-11 :30 a.m. 


Section C. Butter and Cheese 
M. L. Speck, Chairman 
Rural Arts Building 


1Vacu-therm is name designated by the manufacturing company. 
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M87. The effect of antioxidants on the development of oxidized flavors in cold 
storage butter. A. M. Ext-Necoumy anp E. G. Hammonp, Iowa State 
University. 

M88. The influence of butterfat precrystallization on the hardness of con- 
tinuously made butter. F. W. Woop anp L. M. McKnieut, University 
of Alberta, Edmonton, Canada. 

M89. Further studies of the effect of edible additives on the spreading quality 
of butter. J. G. Kapsauis anp T. KrisTOFFERSEN, Ohio State University. 

M90. A study of the effect of added mono- and di-glycerides on the body and 
texture of cream and Neufchatel cheeses. Max Miuuer, C. M. Stine, and 
L. G. Harmon, Michigan State University. 

M91. Quantitative estimation of carbonyl compounds in Limburger cheese. 
JoHN Coumey AND S. L. Tuckey, University of Illinois. 

M92. Retention of moisture by Blue Cheese. L. A. Richarpson, H. A. Morris, 
AND W. B. Comps, University of Minnesota. 

M93. Survival of staphylococci in Colby Cheese. G. C. WaLKerr, L. G. Harmon, 
AND C. M. Stine, Michigan State University. 

M94. A comparison of two end point indicators used in a direct titration 
methed for determining the sodium chloride content of cheese. W. M. 
BREENE AND W. V. Price, University of Wisconsin. 

M95. Cheddar Cheese quality as affected by the age of the milk and addition of 
certain purine compounds. T. KristoOFFERSEN AND D. D. CoE, Ohio State 
University. 

M96. Effect of different cheddaring methods on the quality of Cheddar Cheese. 
N. F. Ouson anv W. V. Price, University of Wisconsin. 

M97. Effect of strain of starter culture and manufacturing procedure on bitter- 
ness in Cheddar Cheese. D. B. Emmons, W. A. McGuaan, ann J. A. 
Exuiotr, Canada Department of Agriculture, Ottawa, Canada. 

M98. Nitrogen distribution in Cheddar Cheese as related to bitterness and strain 
of starter culture. D. B. Emmons, W. A. McGuaan, ann J. A. Euuiort, 
Canada Department of Agriculture, Ottawa, Canada. 

M99. A study of delayed gas formation in Cheddar Cheese. M. E. OupHam, 
University of Wyoming, and A. J. Morris, Utah State University. 

1:00— 4:00 p.m. 


JOINT WITH PRODUCTION AND EXTENSION SECTIONS 
Field House 


An Address: The Honorable Ezra Taft Benson, Secretary of 
Agriculture 


Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods 


Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin 
Adulterants. M. R. SterHens, Food and Drug Administration, Wash- 
ington, D.C. 
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Calcium and strontium®. Margaret A. OHLSON, State University of 
Towa. 


Milk in relation to specific diseases. Zor E. ANDERSON, Wayne State 
University. 


PRODUCTION SECTION 


Monday, June 20 


8 :00—-11 :00 a.m. 


P1. 


P5. 


P6. 


P7. 


P8. 


P9. 


P10. 


P1l. 


P12. 


P13. 


Section A. Reproductive Physiology 
G. W. TrimBerGer, Chairman 
Forestry Building, Auditorium 


The hastening of estrus in cycling virgin female rats by stimulation with 
air blast. E. W. Haun anv R. L. Hays, University of Illinois. 


The effect of estradiol on the thyroid secretion rate of dairy cattle. G. W. 
Pipes, B. N. PREMACHANDRA, AND C. W. TurRNER, University of Missouri. 


Infertility in dairy cattle due to anestrum. R. M. Porter anp T. H. 
BeE.uine, New Mexico State University. 


Some observations on large luteal type ovarian cysts in a herd of dairy 
eattle. K. R. Jonnson, University of Idaho. 


The use of progesterone-4-C! in the determination of progestins in bovine 
ovaries and adrenals. F. SrormsHAK AND MArgorieE L. Hunt, Washing- 
ton State University. 


Quantitative levels of progestins in the bovine corpus luteum during 
pregnancy. R. E. Ers, F. StrormsHak anp Joan Drxon, Washington 
State University. 


Estrous cycle length of Jersey and Sindhi-Jersey crossbred cattle in 
Louisiana. J. L. FLercuer, Dairy Cattle Research Branch, Agricultural 
Research Service, Iberia Livestock Experiment Station, Jeanerette, 
Louisiana. 


Mastitis and estrogenic activity. W. D. PouNDEN AND Norma A. FRANK, 
Ohio Agricultural Experiment Station, Wooster. 


The effect of ovarian hormones on the chemical composition of uterine 
secretions. R. B. Heap anp G. E. LAmmMine, University of Nottingham 
School of Agriculture, Sutton Bonington, Loughborough, England. 


The influence of ovarian hormones on resistance to experimental uterine 
infections. G. E. Lammine anv R. B. Heap, University of Nottingham 
School of Agriculture, Sutton Bonington, Loughborough, England. 


Sire effects on reproductive performance of their daughters. E. K. 
InsKEEP, W. J. TyLer, AND L. E. Casma, University of Wisconsin. 


Prenatal growth measurements of the bovine. H. T. Grier anp G. B. 
Marion, Kansas State University. 


Diurnal patterns of bovine body temperature. T. R. WRENN, JOEL 
BirMAN, AND J. F. Sykes, Animal Husbandry Research Division, ARS, 
Beltsville, Maryland. 





740 





JOURNAL OF DAIRY SOIENCE 


P14. Abnormal sex ratios of the young parabiotie rats. E. W. HAHN anp R. L. 


Hays, University of Illinois. 


8 :00-—11 :00 a.m. 


P15. 


P16. 


P17. 


P18. 


P19. 


P20. 


P21. 


P23. 


P24. 


P26. 


P27 


Section B. Forage and Pasture 
S. D. Muserave, Chairman 
Forestry Building, Room 230 


The digestibility of grass hays grown under different types of nitrogen 
application. M. C. Srmiions, W. V. CHauupa, J. L. Evans, ann J. L. 
Cason, Rutgers—The State University, New Brunswick, New Jersey. 


The use of the rabbit in predicting forage digestion by ruminants. C. R. 
Ricwarps, G. F. W. Harner, J. D. Connotiy, anp M. C. CaLHoun, 
University of Delaware. 


Various levels of citrolas crumbles as an additive to high moisture forage 
for silage. W. J. Minter anp H. L. Dauron, University of Georgia. 


Consumption and feeding value of silages as affected by dry matter 
content. C. H. Gorpon, J. C. Derpysuire, E. A. Kane, Animal Hus- 
bandry Research Division, and D. T. Buack anp J. R. McCautmont, 
Agricultural Engineering Research Division, ARS, Beltsville, Maryland. 


Composition of the oat plant as affected by level of nitrogen fertilization 
and stage of maturity. O. T. Sranucup, R. R. Roperson, ano R. L. 
THURMAN, University of Arkansas. 


Comparison of silage and Pearl millet for maintaining summer milk pro- 
duction. Louis J. Boyp, Tennessee Agricultural Experiment Station, 
Knoxville. 


Supplemental value of dehydrated alfalfa pellets for milking cows fed 
a high corn silage timothy hay ration. L. D. Brown, C. A. LassiTEr, 
C. F. HurrMan, anv E. J. Benne, Michigan State University. 


The influence of meadow crop silage and soilage and added grain on the 
efficiency of nitrogen utilization in dairy cows. H. R. Conran, J. W. 
Hiss, AND A. D. Pratt, Ohio Agricultural Experiment Station, Wooster. 


A comparison of first, second, and fifth cuttings of alfalfa for milk pro- 
duction. R. M. Porter, D. D. Minurr, anp S. R. Sxaces, New Mexico 
State University. 


Relationship of stage of maturity at harvest to the feeding value of 
sorghum silage for dairy cows. RaymMonp E. HELM anp R. E. LEIeHTon, 
Texas Agricultural Experiment Station, College Station. 


The apparent digestibility of alfalfa-bromegrass with advancing maturity, 
using a modified digestion trial. F. A. Martz, C. H. Nouuer, ann D. L. 
Him, Purdue University. 


Nutritional evaluation of pastures with dairy cattle in Louisiana. J. E. 
Bertranp, L. L. Rusorr, J. L. Fuetrcuer, C. E. Hype, anp C. Branton, 
Louisiana Agricultural Experiment Station, Baton Rouge, and Iberia 
Livestock Experiment Station, Jeanerette, Louisiana. 


. Effect of two levels of grazing intensity upon animal and grazing land 
productivity. H. J. Larsen anp G. H. Tenpas, University of Wisconsin. 
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Harvesting soilage once or twice daily for milking cows. A. D. Prart, 
R. R. Davis, anp H. R. Conran, Ohio Agricultural Experiment Station, 
Wooster. 


M.—12:00 m. 

PropuctTion Section Business MEETING 
G. W. TrrmperGcer, Chairman 
Forestry Building, Auditorium 


M— 5:00 P.M. 

SEcTION A. 
G. W. TrrmBerGer, Chairman 
Forestry Building, Auditorium 


4:00 p.m. 


Nutrition and Management 


The effect of certain bulk handling practices on the acid degree value of 
milk. DonaLp C. Brown, B. W. THarp, anp W. R. THomas, University 
of Wyoming. 


Studies on immersion cleaning with bucket machine milking plant. R. L. 
WHITEHOUSE AND L. F. L. Cueae, University of Alberta, Edmonton, 
Alberta, Canada. 


Feeding values of alfalfa haylage, silage, green-chop, pasture, and arti- 
ficially dried hay. H. H. VoeLkKer anv E. Bartie, South Dakota State 
College. 


Several factors affecting the milk production response of cows to changes 
in the quantity and nature of the ration. R. E. Maruer, C. P. Bremen- 
sTEIN, B. R. Pouuton, anp G. H. Bonnineton, Jr., New Jersey Agricul- 
tural Experiment Station, Sussex. 


Milk production and growth of identical twins calving for the first time 
at two vs. three years of age. E. W. Swanson, University of Tennessee. 


The influence of heat (80° and 90° F.) and stage of lactation at 65° F. 
on salt balance of milk. T. H. Kaman, A. C. Raagspae, ann H. D. Jonn- 
son, University of Missouri. 


The effect of air conditioning on productive functions of dairy cattle 
during hot weather. J. E. Jonnston, G. A. Hinpery, F. TuRNIPSEED, AND 
D. THompson, Louisiana Agricultural Experiment Station, Baton Rouge. 


The effect of constant environmental temperatures and relative humidities 
on feed digestion by lactating Holstein cows. A. V. Davis ann C. P. 
MeErILAN, University of Missouri. 


Effects of various combinations of temperature and humidities on milk 
production. H. D. Jonnson, H. H. Krsier, A. C. RaGspaue, anp M. D. 
SHANKLIN, University of Missouri and USDA. 


Tolerance of dairy cows to high climatic temperatures on low roughage 
ration. G. H. Srorr, University of Arizona, and E. Grant Moopy, 
Arizona State University. 
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P42. 
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Preliminary observations on the effect of frequency of feeding and 
equalized intake upon milk production characteristics, body weight, and 
feed utilization in lactating dairy cows. J. R. Camppetnt anp C. P. 
MeriILAN, University of Missouri. 

Effect of various hay: concentrate ratios and levels of feeding on pro- 
duction and composition of milk of dairy cows. D. K. Horcukiss, N. L. 
JacoBson, AND C. P. Cox, Iowa State University. 


Relationship between body weight and yield of dairy cows. R. E. Erp, 
Washington State University. 

Economie analysis of large commercial dairies in Los Angeles County, 
California. J. L. Atsprigut, D. R. Parton, anp E. A. Hyer, University 
of Illinois; Frazer AND TorsBet, C.P.A., Los Angeles, California State 
Polytechnie College. 


5 :00 p.m. 
JOINT WITH EXTENSION SECTION 
G. W. Trimeercer, Chairman 
Forestry Building, Auditorium 
Invitational Paper: Reducing milk production costs. A. ScHuutis, Uni- 
versity of California. 
6 :00 p.m. 
JOINT WITH EXTENSION SECTION 
Joint Committee Reports. 
G. W. TrimBercer, Chairman 
Forestry Building, Auditorium 
Dairy Cattle Breeding. C. D. McGrew, Ohio. 
Dairy Cattle Type. E. C. Meyer, Wisconsin. 
Dairy Cattle Health. H. P. Ewart, Oregon. 
5:00 p.m. 
Section B. Rumen Physiology 
S. D. Musgrave, Chariman 
Forestry Building, Room 230. 
2:00 P.M. 
Invitational paper: Continued progress toward controlling bloat. H. H. 
CoLe AND J. M. Bona, University of California. 
Discussant: H. R. Conrap, Ohio Agricultural Experiment Station. 
5:00 p.m. 
Observations on the use of plant juices in bloat studies. J. T. BLAKE 
AND R. 8S. ALLEN, Iowa State University. 


Physiological studies of the rumen with emphasis on the animal factors 
associated with bloat. V. E. Menpr anp J. M. Bopa, University of Cali- 
fornia. 

An antifoaming agent for treatment of pasture bloat. R. H. JoHnson 
AND R. S. ALLEN, Iowa State University. 
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Studies on excessive salivation in ruminants fed certain leguminous 
forages. J. H. Byers anp H. P. Brogutst, University of Illinois. 


Effect of protein status on salivary urea secretion. Y. Htrosg, R. S. 
Emery, C. F. HurrmMan, anp G. H. Conner, Michigan State University. 


The course of cellulose digestion by rumen microorganisms in vitro. R. L. 
Sautssury, J. A. Horrer, anp R. W. Lurecke, Michigan State University. 


Effect of feeding certain defined nutrients on cellulose digestion and 
volatile fatty acid concentration of the rumen. R. L. Saussury, J. A. 
Hoerer, AND R. W. Lurcke, Michigan State University. 


The nutrition of ruminal cellulolytic bacteria.* M. P. Bryant anp I. M. 
Rosinson, Animal Husbandry Research Division, ARS, Beltsville, Mary- 
land. 


Enzymatic activity of rumen fluid cellulases. R. W. STANLEY aND E. M 
Kester, The Pennsylvania State University. 


Factors affecting energy metabolism in ruminants. R. E. Brown anp 
C. L. Davis, University of Illinois. 


Utilization of carbohydrates posterior to the rumen-reticulum of the 
bovine. J. T. Huser anp N. L. Jacosson, lowa State University. 


Rumen volatile fatty acid production as affected by feeding frequency. 
K. L. KNox anp G. M. Warp, Colorado State University. 


A parakeratosis condition of rumen epithelium produced by an all-con- 
centrate ration. G. Vipacs aNnp G. M. Warp, Colorado State University. 


The effect of dihydrotachysterol on the blood calcium and phosphorus 
levels of dairy cows. S. Bapawt, T. H. Buossrr, anp R. E. Warts, Wash- 
ington State University. 

The destruction of penicillin by rumen microorganisms. C. K. Smita, 
June AzuKas, R. S. Emery, anp C. F. Hurrman, Michigan State Uni- 
versity. 

Amino acid metabolism by rumen bacteria.* T. R. Lewis anp 2. S. 
Emery, Michigan State University. 


Tuesday, June 21 


8 :00—-10 :00 p.m. 


P59. 


P60. 


P61. 


Section A. Genetics 
S. D. Muserave, Chariman 
Forestry Building, Auditorium 


Growth and productive performances of Holstein—Red Sindhi crossbreds 
and their Holstein-Friesian contemporaries. C. BRANTON AND J. B. Frye, 
Jr., Louisiana State University, and R. E. McDowe.u, Dairy Cattle 
Research Branch, USDA, Beltsville, Maryland. 


Genetic relationships among the first three lactations of Holstein cows. 
A. E. Freeman, lowa State University. 


Analysis of deviations of dairy records from different contemporary 
averages. L. D. VAN Vieck, T. Hemuves, aNp C. R. HENDERSON, Cornell 
University. 


*To be read by title. 
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Factors affecting the composition of individual samples of cow’s milk. 
C. M. von Krosiex, G. A. RicHarpson, AND J. O. Youne, Oregon State 
College. 


Genetic influences on the composition of cow’s milk. C. M. von Krosiex, 
J. O. Youne, anp G. A. RicHarpson, Oregon State College. 


Heritability estimates of longevity in Holstein-Friesian cattle. R. D. 
PLOWMAN AND R. F. Gaataas, Dairy Cattle Research Branch, USDA, 
Beltsville, Maryland. 


A comparison between expected and actual accuracy of sire proofs under 
the New York system. T. Hemnues, L. D. VAN VLECK, AND C. R. HENDER- 
son, Cornell University. 


Comparison of rating procedures used in evaluating sires. G. V. 
O’BuENEss, L. D. VAN VLECK, AND C. R. HENDERSON, Cornell University. 


Distributions and parameters of records of A.I. daughters. L. H. Wave, 
L. D. Van Vieck, AND C. R. HENpDERsoN, Cornell University. 


8 :00-10 :00 a.m. 


P68. 


P69. 


P70. 


P71. 


P72. 


P73. 


P74. 


P75. 


P76. 


Section B. Milk Secretion 
J.C. THompson, Chairman 
Forestry Building, Room 230 


Observations on the cholinesterase activity of bovine plasma and ¢o- 
lostrum. J. E. Montroure anp T. L. Forester, Washington Agricultural 
Experiment Station, Pullman. 


A comparison of ratio factors for extending part-time milk and fat 
records. R. C. Lams anp L. D. McGiuuiarp, Michigan State University. 


Repeatability estimates of butterfat test for partial lactations in a herd 
of -Holstein cattle. A. C. LINNERUD anp J. D. DonxKer, University of 
Minnesota. 


The effect of long-time feeding of chlortetracycline to dairy cattle on 
lactation responses. C. F. ForEMAN AND A. E. FREEMAN, Iowa State Uni- 
versity. 


Effects of breed, sire, season, and type of forage on milk composition. J. M. 
? oO t=] i 
Rakes, O. T. Statucup, AND J. S. Haypen, Arkansas Agricultural Ex- 
. . $ i] 
periment Station, Fayetteville. 


The influence of season of freshening on the milk yield and butterfat 
percentage of Holstein-Friesian and Jersey cows in Texas. M. A. Brown, 
T. C. CarTwrigHt, AND A. W. QurEsHI, Texas A & M College. 


Repeatability estimates of monthly solids-not-fat tests. W. J. BrakeEt, 
Ohio State University. 

Udder capacity estimates as affected by rate of secretion and intra- 
mammary pressure. H. A. Tucker, R. P. Reece, anp R. E. Matuer, New 
Jersey Agricultural Experiment Station, New Brunswick. 


The effect of prepartum infusions on milk production. H. Struss, W. E. 
PETERSEN, AND B. CAMPBELL, University of Minnesota. 
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9 :00—10 :00 a.m. 


PROGRAM SPONSORED BY ASSOCIATION’S EpuCATION COMMITTEE 
R. P. NrepERMEIER, Chairman 
Forestry Building, Room 305 


10:15 a.m.—12:15 p.m. 


GENERAL BusINESS MEETING OF THE ASSOCIATION 


A. C. Fay, Chairman 
University Auditorium 


2:00— 4:30 p.m. 


SECTION A. 
JOINT WITH EXTENSION SECTION 
Symposium: Milk Solids-Not-Fat 

G. W. TriwsperGer, Chairman 

Forestry Building, Auditorium 
Testing methods and marketing aspects—protein vs. solids-not-fat. B. L. 
HeErrinoton, Cornell University. 
Genetic and environmental factors affecting composition. J. E. LeGarss, 
North Carolina State College. 
Regional projects and the extension viewpoint. S. N. Gaunt, University 
of Massachusetts. 


Field testing for solids-not-fat and protein. R. E. Ers, U. S. Ashwortu, 
AND L. J. Manus, State College of Washington. 


2:00-— 4:30 p.m. 


P81. 


P82. 


P83. 


Section B. Reproductive Physiology 


J. C. THompson, Chairman 
Forestry Building, Room 230 


Effect of feeding methyl testosterone on the reproductive system in bull 
ealves. O. H. Horton, Arkansas Agricultural Experiment Station, 
Fayetteville. 


Lactic dehydrogenase studies with cell-free extracts of bovine semen. 
H. P. Broquist anv J. R. Lopee, University of Illinois. 


Lactic acid production by sperm at 37° C. after storage at 5° C. M. H. 
Euuers, Washington State University. 


C'-fructose movement through the spermatozoan cell surface. R. J. 
FiirsE AND J. L. FLEeEGER, Pennsylvania Agricultural Experiment 
Station, University Park. 


The effect of various substrates and inhibitors on the respiration of 
bovine epididymal-like spermatozoa. C, N. GRAVES AND G. W. SaA.isBury, 
University of Illinois. 

A simplified technique for maintaining isolated rabbit testes by perfusion. 
N. L. VanDemarkK AND L. L. Ewrne, University of Llinois. 


Effect of 5° C. storage in yolk-citrate on Feulgen-positive material 
(DNA) of sperm heads. G. W. Sauissury, L. pe LA Torre, W. J. Birge, 
AND J. R. Loper, University of Illinois. 
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Effect of storage temperatures of —79 and —196° C. on fertility of bull 
semen. B. W. Pickett, A. K. Fow.er, D. G. GossLer, anp W. A. Cowan, 
University of Connecticut. 


Sperm production of bulls electro-ejaculated at different frequencies. 
J. W. Austin, E. W. Hupp, ano R. L. Murpuree, University of Tennes- 
see—Atomie Energy Commission Agricultural Research Laboratory, 
Oak Ridge. 
Sperm output and sperm reserves of unilaterally vasectomized Holstein 
bulls at various ejaculation frequencies. R. P. AMANN AND J. O. ALM- 
quistT, Pennsylvania State University. 
Quantitative testicular histology and theoretical sperm production of 
Holstein bulls. R. P. AMANN, The Pennsylvania State University. 
Fertilizing capacity of bovine sperm maintained at room temperatures 
in coconut milk extender. C. Norman, C. E. Jonnson, |. D. PorTERFIELD, 
E. GoutprerG, AND R. 8S. DunBar, JR., West Virginia University. 
5:30 p.m. 
JOINT WITH EXTENSION SECTION 
Meeting of Superintendents of Official Testing 

RaueH Bonewirz, Chairman 

Forestry Building, Auditorium 


Wednesday, June 22 

mM.—12:00 m. 
Section A. General Physiology 

G. W. TrimBercer, Chairman 

Forestry Building, Auditorium 
Comparative physiologic activity of thyroxine and triiodothyronine in 
cattle. B. N. PRemACHANDRA, G. W. Pipes, anp C. W. TurNER, University 
of Missouri. 
The extraction of estrogens and their metabolites from large samples of 
bovine feces. R. R. Leagauit, Marsorre L. Hunt, anp A. O. SHaw, Wash- 
ington State University. 


Effect of hormone implants on growth and breeding efficiency of dairy 
heifers. DENNIS ARMSTRONG, GERALD Warp, AND E. J. CARROLL, Colorado 
State University. 

The uptake and excretion of cesium?* and potassium** in lactating 
dairy cows. R. G. Craaie, University of Tennessee—Atomic Energy Com- 
mission, Agricultural Research Laboratory, Oak Ridge. 


Triglyceride structure of milk and other animal fats. R. D. McCarrnuy, 
Sruart Parton, AND Laura Evans, Pennsylvania State University. 


Variation in energy content of 4% FCM. G. E. Hawkins, R. Y. CANNon, 
AnD J. A. Lirrie, Auburn University. 


Further studies on the characterization of bovine mammary cells in tissue 
culture. K. E. Epner, C. R. Hoover, ExvizapetrH Haceman, Anp B. L. 
Larson, University of Illinois. 


Esophageal cannulation of the bovine. J. T. BLhaxe, Utah State Univer- 
sity. 











cinco TOT Ea 














P97. 


P98. 


P99. 


P100. 


P101. 


P102. 


P103. 


P104. 


P1085. 


P106. 


P107. 


P108. 


P109. 


8:00 A. 


P110. 


he 





OUR ASSOCIATION 747 


The level of acetate in bovine blood. JoHn R. SaBInE AND B. Connor 
JoHNSON, University of Illinois. 


Correction for hemolysis in photometric methods for assaying sulfo- 
bromophthalein and phenolsulfonphthalein in the blood of cattle in tests 
for hepatic and renal function. R. R. ANDERSON AND J. P. Mrxner, New 
Jersey Agricultural Experiment Station, Sussex. 


Inactivation of oxytocin by bovine blood serum. P. W. Ascupacuer, D. J. 
SEEMAN, AND C. JENSEN, North Dakota Agricultural College. 


Studies on the annual variation in blood ketone bodies. P. J. van Sogst, 
G. D. Turner, H. W. Hawk, ann J. F. Sykes, Animal Husbandry Re- 
search Division, ARS, Beltsville, Maryland. 


The level of insulin-free activity in the blood serum of normal and ketotic 
cows. M. C. CatHoun, C. R. RicHarps, anp J. L. FLeecer, University 
of Delaware. 


Some changes in the blood composition of dairy cows as associated with 
parturition. K. A. Kenpatu anp K. E. HarsHparcer, University of 
Illinois. 


The neutralization of certain bovine enteroviruses by colostrum, milk, 
and blood serum. D. O. Ciiver, T. M. Lupwick, anp E. H. Bout, Ohio 
State University. 


Rumen activity and other observations in young dairy calves. R. K. 
Waueu, SAMUEL RAMIREZ, AND BERNARDINO Ropricurz, The Rockefeller 
Foundation and Departamento de Investigaciones Agropecuarias, Mini- 
agricultura, Colombia. 


The evaluation of udder characteristics of pre- and post-partum Holstein 
heifers. H. C. Hines, T. M. Lupwicx, E. W. Brum, E. R. Raper, anp 
D. O. RicHarpson, Ohio Agricultural Experiment Station, Wooster. 


The effect of kind and level of concentrates on udder edema. R. W. 
HemMKEN, Epset GAINER, AND R. F. Davis, University of Maryland. 


Physiological effects of trancuilizers in dairy animals. E. L. Farmer 
AND L. H. Scuuutz, University of Wisconsin. 


Urea utilization studies in the bovine, using the re-entrant duodenal 
fistula technique.* P. W. Mor, C. F. Hurrman, G. H. Conner, R. 5. 
Emery, AND C. A. Lassiter, Michigan State University. 


The effect of various metabolites on in vivo acetate metabolism.* C. L. 
Davis, R. E. Brown, anv J. R. Stausus, University of Illinois. 
M.—12:00 Mm. 
Section B. Nutrition 

S. D. Muserave, Chairman 

Forestry Building, Room 230 


Methods of analysis of bovine excreta for gross energy. W. P. Fuartrt, 
H. F. Lawson, D. R. Gmuuiam, H. F. Rienter, D. R. Waupo, C. E. Cop- 


be read by title. 
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POCK, AND P. J. VAN Soest, Animal Husbandry Research Division, ARS, 
Beltsville, Maryland. 


The effect of levulinic acid on the digestibility of cellulose and energy 
in oat straw and alfalfa hay fed to dairy heifers. D. E. WALDERN AND 
T. H. Biosser, Washington State University. 


Feeding molasses with hays to dairy heifers and milking cows. W. A. 
Kine, C. C. BRANNON, AND H. J. Wess, Clemson College, Clemson, South 
Carolina. 


Maintenance requirements of dairy cows. J. W. THomaAs anp L. A. Moore, 
Animal Husbandry Research Division, ARS, Beltsville, Maryland. 


Effect of level and source of sulfur on the utilization of urea by dairy 
heifers. L. D. Brown, R. 8. Emery, E. J. BENNE, AND C. A. LAssITER, 
Michigan State University. 


The effect of a modified sulfite waste liquor and of calcium gluconate 
on milk production. R. S. Emery, C. K. Smirn, T. R. Lewis, JuNE 
AzvuKus, AND L. D. Brown, Michigan State University. 


The value of feeding aureomycin to lactating dairy cows under field con- 
ditions. L. D. Brown anp C. A. Lassiter, Michigan State University. 


Disappearance of volatile acids from the omasum. R. P. JoHNsTON, E. M. 
KeEs_er, AND R. D. McCartuy, The Pennsylvania State University. 


The influence of sodium salts of volatile fatty acids on rumen develop- 
ment in the young ealf. C. Vatr, G. M. Warp, R. D. FRANDSON, 4ND 
E. E. Fuampor, Colorado State University. 


Calf milk replacer studies: The effect of the physical state of added fat. 
A. 8. Hopeason anv F. R. Murpocx, Western Washington Exper’ ment 
Station, Puyallup. 


Utilization of milk replacer rations containing urea by young dairy 
ealves. C. A. Lassirer, G. D. Riecie, L. D. Brown, ano E J. BENNE, 
Michigan State University. 


Oleandomycin and oxytetracycline plus oleandomycin as growth stimu- 
lants for young dairy calves. N. D. Magruper, W. B. Harpiz, W. C. 
SHERMAN, AND W. M. Reyno.ps, Chas. Pfizer & Co., Inc., Terre Haute, 
Indiana. 

Large-scale tests of feeding oxytetracycline to lactating dairy cows. N. D. 
Macruper, C. E. Loraren, anp W. M. Reynoups, Chas. Pfizer & Co., Inc., 
Terre Haute, Indiana. 

Effect of spiramycin on the growth and well-being of young dairy calves. 
S. A. MonticE.io anp L. L. Rusorr, Louisiana Agricultural Experiment 
Station, Baton Rouge. 


Some physiological responses of dairy calves to certain carbohydrates 
when added to a milk replacer diet. SHrmrANG P. Nerxe, K. E. GARDNER, 
anp K. A. Kenpauu, University of Illinois. 


*To be read by title. 
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The value of hay and rumen inoculation in early weaning of calves. C. H. 
Nouuer AND I. A. Dickson, Purdue University. 


B-vitamin requirements of calves fed a high carbohydrate diet. MAaGNnar 
RONNING AND N. J. BENEVENGA, University of California. 


Glucose metabolism in the young dairy calf. C. L. Davis anp R. E. 
Brown, University of Illinois. 
The digestibility of alfalfa hay as affected by partial replacement by 
earbohydrates.* E. A. Kane, Animal Husbandry Research Division, 
ARS, Beltsville, Maryland. 
4:00 P.M. 
Sections A anp B 
JOINT WITH EXTENSION AND MANUFACTURING SECTIONS 
Field House 
An Address: The Honorable Ezra Taft Benson, Secretary of 
Agriculture 
Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods 
Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin 
Adulterants. M. R. StepHens, Food and Drug Administration, Wash- 
ington, D.C. 
Calcium and strontium®®. MarGcaret A. OHLSON, State University of 
Towa. 


Milk in relation to specific disease. Zor E. ANpERSON, Wayne State 
University. 


EXTENSION SECTION 


Monday, June 20 


8 :00—-10 :30 a.m. 


El. 


E2. 


E3. 


a W 





Dairy Records 

RaupH Bonewirz, Chairman 

Ag Seience, Room 205 
Putting D.H.I.A. records to work. Dawson Jorpan, Colorado State Uni- 
versity. 
Panel Discussion 
New Developments in Sire Evaluation. Moderator: C. D. McGrew, Ohio 
State University. 
New DHIA sire proofs. J. F. Kenpricx, Agricultural Research Service, 
USDA. 
Utilization of new sire proofs from standpoint of research worker. J. E. 
Lecates, North Carolina State College. 


o be read by title. 
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E4. Utilization of new sire proofs from standpoint of sire analyst. CHARLES 
BaLpwWIN, Central Ohio Breeding Association, 1224 Alton-Darby Road, 
Columbus, Ohio. 

E5. Utilization of new sire proofs from standpoint of stud manager. J. ELMo 
Packer, Cache Valley Breeding Association, Logan, Utah. 

E6. Reliability of environmental data collected under field conditions. E. L. 
Corey, E. E. Hetzer, anp C. E. Kraemer, University of Wisconsin. 

10 :30 a.m.—12 :00 m. 

EXTENSION SECTION Business MEETING 
C. W. Nrsuer, Chairman 
Agricultural Science, Room 205 

Report ef Dairy Records Committee 
Rater Bonewirz, Chairman 

Report of 4-H Club Committee 
C. C. Otson, Chairman 

Reports of Teaching Methods Committee 
Lyman H. Ricu, Chairman 

Report of the Resolutions Committee 
JosEPH TayLor, Chairman 

Report of Nominating Committee 

1:00— 3:50 p.m. 

Teaching Methods 
Lyman H. Ricu, Chairmen 
Ag. Seience, Room 205 

E7. Salesmanship schools for DHIA supervisors. J. D. Burke, Cornell Uni- 

versity. 

Panel Discussion 

Preparing and Packaging Visual Aids for County Workers. R. E. Bur .E- 
son, Moderator, Federal Extension Service, USDA. 

E8. Role of the dairy specialist in a changing agriculture. J. W. Pou, Univer- 
sity of Arizona. 

Presentation and Discussion of Exhibits. 

4:00— 6:00 p.m. 


JOINT WITH PRODUCTION SECTION 
(See Production Section) 


Forestry Building Auditorium 


Tuesday, June 21 
8 :00—10 :00 a.m. 
4-H Program 
C. C. Outson, Chairman 
Ag. Science, Room 205 
Report of the 4-H Club Committee 
C. C. Otson, North Dakota Agricultural College. 


E9. The importance of type in dairy cattle breeding and management. NeEp 
Bayuey, Agricultural Research Service, USDA. 
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E10. Appraising the value of showing and judging experiences in 4-H club 
work. Ropert Stewart, American Guernsey Cattle Club. 
10:15 a.m.—12:15 p.m. 
GENERAL BusINess MEETING OF THE ASSOCIATION 
A. C. Fay, Chairman 
University Auditorium 
2:00— 4:30 p.m. 
JOINT WITH PRODUCTION SECTION 
Symposium: Milk Solids-Not-Fat 
(See Production Section) 
Forestry Building Auditorium 
4:30- 5:30 p.m. 
JOINT WITH PRODUCTION SECTION 
Meeting of Superintendents of Official Testing 
Forestry Building Auditorium 


Ell. Accuracy determination of a new milk metering and sampling device. 
S. W. Meap anv R. C. Lasen, University of California. 


Wednesday, June 22 
8 :00-10 :00 a.m. 
Marvin SENGER, Chairman 
Ag. Science, Room 205 


E12. Probability of obtaining superior producing animals from varying quality 
of AB proved sires. H. Witmotr Carter, Cornell University. 


E13. The California Mastitis Testing (CMT) Program. KenNetH G. McKay, 
University of California. 
10 :00 a.m.—12 :00 m. 
The Evaluation of Forages 
Ag. Science, Room 205 


E14. Alfalfa hay quality as determined by fiber analysis. G. P. Lorereen, J. H. 
MeEvyER, AND V. L. Marsiz, University of California. 


E15. Teaching quality through chemical analysis. T. C. Buatock, North Caro- 
lina State College. 


E16. A forage evaluation program using the ‘‘artificial rumen.’’ STanuey N. 
Gaunt, University of Massachusetts. 


1:00— 4:00 p.m. 
JOINT WITH PRODUCTION AND MANUFACTURING SECTIONS 
Field House 


An Address: The Honorable Ezra Taft Benson, Secretary of Agriculture. 


Symposium: Facts, Fallacies, and Conflicts Affecting the Demand for 
Dairy Foods. 
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Moderator: W. D. Knox, Hoard’s Dairyman, Fort Atkinson, Wisconsin. 
Adulterants: M. R. StepHens, Food and Drug Administration, Wash- 
ington, D.C. 


Caleium and strontium’®. Margaret A. OHLSON, State University of 
Iowa. 


Milk in relation to specific diseases. Zor E. ANDERSON, Wayne State 
University. 


Monday, June 20 
9:00 a.m. Registration of Student Delegates and Advisors 


10:00 a.m. W. W. Snyper, Presiding 
Union Building, Room 226 
The Organization of the A.D.S.A. and the Place of the Student 
Branch Section. A. C. Fay, President, A.D.S.A. 


The Purpose of the Student Branch Section. W. W. Snyper, Chair- 
man, Student Affiliate Committee 


The Proposed Organization of the Student Branch Section. Paun M. 
Reaves, Chairman, Committee for Organization 


Appointment of Committees. 


11:30 a.m. Luncheon with Certain A.D.S.A. Members 
Student Union 


Tuesday, June 21 


8:30 a.m. Pau M. Reaves, Presiding 
Union Building, Room 226 
Report of Nominating Committee. 
Report of Constitution and By-Laws Committee. 


Discussion of Type of Program for the 1961 Meeting. Led by mem- 
bers of the Section Program Committee. 


Discussion of Activities of Local Student Branches. Led by selected 
student delegates. 


Wednesday, June 22 


8:30a.m. J. B. Mickue, Presiding 
Union Building, Room 226 
Discussion of Student Branch Exhibits. By the Judges. 
Election of Student Branch Section Officers for 1960-61. 
Committee Reports. 


Meeting of Officers and Committee Members with Student Branch 
Committee. 
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STANDARDIZATION OF MEDIA 


After many years of dedicated effort by a 
number of individuals and groups, the Miero- 
biological Media Commission was incorporated 
in the State of Ohio on February 23, 1960, as 
a nonprofit corporation for the purposes of 
“the establishment of standardization and uni- 
formity in the identity, composition, perform- 
ance, and labeling of the more important 
microbiological culture media, ingredients, and 
reagents, in order to assure constant growth- 
promoting qualities for microorganisms so that 
results obtained in biological control and in 
investigations in different laboratories will be 
consistently reliable.” This section resulted 
following resolutions or letters endorsing the 
formation of such a commission from organiza- 


tions which ineluded the American Dairy Sci- 
ence Association, Association of Official Agri- 
cultural Chemists, International Association of 
Milk and Food Sanitarians, and Society of 
American Bacteriologists. 

The Commission was incorporated in the 
name of Luther A. Black, Harold F. Clark, and 
Joseph C. McCaffrey, and the following desig- 
nated as the first trustees: 

M. Thomas Bartram, chairman, Archie H. 
Robertson, vice-chairman, Harold F. Clark, 
seeretary, Glen L. Hays, corresponding secre- 
tary, William J. Noble, treasurer, Luther A. 
Black, F. Wellington Gilereas, Harry E. Gores- 
line, Joseph C. McCaffrey, Wallace W. San- 
derson, and Leander §S. Stuart. 


REVISION OF BY-LAWS 


It is proposed that Article II of the by-laws 
which involves the nomination and election of 
officers be amended as follows: 

Section 2. The nominating committee shall 
consist of five members ineluding the past 
president, one representative each from the 
extension, manufacturing, and production see- 
tions and one representing commercial inter- 
ests. The JouRNAL oF Datry Science for Oc- 
tober shall contain the names of the nomi- 
nating committee and a statement from the 
chairman, inviting members to suggest names 
of candidates for office. These suggestions 





must be in the hands of the committee by 
January 1. 

Section 3. The chairman of the nominating 
committee shall send the names of the nomi- 
nees for each office with their photographs 
and biographical sketches to the editor by 
March 1 for publication in the JoURNAL OF 
Dairy Scrence for April. Also, the chairman 
shall send duplicate copies of the biographies 
to the Secretary-Treasurer. 


H. F. Jupkrins, Seeretary-Treasurer 
White Plains, New York. 





BOOK REVIEW 


Les Bacteries Lactiques et les Laits Fer- 
mentes. E. Brochu, R. Riel, and C. Vezina. 
Monograph 3, Recherches Agronomiques, Le 
Conseil des Recherches Agricoles, Ministere de 
l’Agriculture de la Province de Quebee. 225 
pp. 1959. 

The first section of this monograph dealt 
with the influence of ten different lactic acid 
bacteria, a yogurt culture, and a kefir culture 
on the vitamin content of milk. The vitamins 
included thiamin, riboflavin, nicotinic acid, 
pantothenic acid, and aseorbie acid. The auth- 
ors generally observed an initial drop in the 
vitamin content of the milk after the addition 
of the test microorganisms. Then, there was 
usually an increase in vitamin content with 
further incubation. The magnitude of the drop 
and of the recovery of the vitamins in milk 
varied greatly both with the vitamin studied 
and with the test organism. 

A study of the bacteriostatic and bacterio- 
cidal properties of fermented milks, including 
yogurt, buttermilk, acidophilus milk, and kefir, 
comprised the second section of this mono- 
graph. The authors concluded that the bac- 
teriostatic properties of the fermented milks 
against 19 different assay organisms could be 
accounted for by the lactic acid formed. 

The third section of this monograph was a 
study of the digestibility of fermented milks. 


Digestion was done in vitro, and simulated 
gastrie digestion. The effects of homogeniza- 
tion, acidification, heating, and fermentation 
by microorganisms of yogurt, buttermilk, acid- 
ophilus milk, and kefir on digestibility were 
studied. All of these variables except homoge- 
nization increased digestibility. 

In the appendix, an attempt was made to 
study thiamin and riboflavin synthesis by lac- 
tie acid bacteria in synthetic media. From this 
study, the authors concluded that more exact 
information concerning the nutrient require- 
ments of lactic acid bacteria, and a more ade- 
quate synthetic medium, were needed before 
proper interpretation of the effect of lactic 
acid bacteria on the vitamin content of milk 
could be made. 

In addition to the experimental results of 
the authors, and perhaps of more use, was the 
extensive literature survey for each topic in 
this monograp.. Each experimental study was 
preceded by an excellent literature review of 
the subject invesuga:ee.: These reviews were 
further augmented in the experimeutal por- 
tions by documented evaluations of the nro- 
cedures and methods employed. 


L. D. Wirrer 
University of Illinois, 
Urbana 














{ 
sak 


-——-f.— 
ra 





when only the finest 


will do— NESTLE’S 





Join the Dairy Processors 

who know — there is no 

finer quality than NESTLE’S 
Cocoas, Granules and Liquors. 
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PETER'S: RUNKEL'S NESTLEs 

















THE NESTLE COMPANY, INC. 


WHITE PLAINS, N.Y. 
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DIF CO LABORATORY PRODUCTS 


BIOLOGICS CULTURE MEDIA REAGENTS 


Media for Standard Methods 
Culture Media Dehydrated and Prepared 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Bacterial Antisera and Antigens 
Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 


Carbohydrates Biochemicals 


over 60 years’ experience 


in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 
e 
Complete Stocks Fast Service 
e 


Descriptive literature available on request 


DIFCO LABORATORIES DETROIT 1 MICHIGAN USA 








